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systems  is  diffuse  and  in  many  cases  limited  in  scope.  Annotations  are  pre¬ 
sented  for  selected  references  on  available  innovative/alternative  collection 
systems.  Fifty-three  references  are  presented  for  pressure  systems  and  four¬ 
teen  references  are  presented  for  vacuum  systems.  An  additional  twenty-seven 
references  on  related  subject  matters  are  also  included. 
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PREFACE 


The  study  reported  herein  was  funded  by  the  Office,  Chief  of 
Engineers,  U.  S.  Army,  from  Civil  Works  Appropriation  96X3121,  General 
Investigations  -  Research  and  Development. 

The  study  was  conducted  during  1980  by  personnel  of  the  Environ¬ 
mental  Engineering  Division  (FED),  Environmental  Laboratory  (EL),  U.  S. 
Armv  Engineer  Waterways  Experiment  Station  (WES),  Vicksubrg,  Miss. 

The  study  was  conducted  by  Ms.  Frances  M.  Kelsi  and  Mr.  M.  John 
Cullinane,  Jr.  The  work  effort  was  accomplished  under  the  direct 
supervision  of  Mr.  Norman  R.  Francingues,  Chief,  Water  Supply  and  Waste 
Treatment  Group,  and  the  general  supervision  of  Mr.  Andrew  J.  Green, 
Chief,  FED,  and  Dr.  John  Harrison,  Chief,  EL.  This  report  was  prepared 
by  Ms.  Kelsi  and  Mr.  Cullinane,  EED. 

Commander  and  Director  at  WES  during  the  study  and  preparation  of 
this  report  was  COL  Nelson  P.  Conover,  CE.  Technical  Director  was 
Mr.  F.  R.  Brown. 

This  report  should  be  cited  as  follows: 

Kelsi,  F.  M.,  and  Cullinane,  M.  J.,  Jr.  1981  (Jan). 

"Selected  References  on  Innovative/Alternative  Waste- 
water  Collection  Systems  for  Corps  of  Engineers  Rec¬ 
reation  Areas,"  Miscellaneous  Paper  EL-81-2,  U.  S. 

Army  Engineer  Waterways  Experiment  Station,  CE, 

Vicksburg,  Miss. 
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CONVERSION  EACTORS,  U.  S.  CUSTOMARY  TO  METRIC  (SI) 
UNITS  OF  MEASUREMENT 


U.  S.  customary  units  of  measurement  used  in  this 
verted  to  metric  (SI)  units  as  follows: 


Mu  1 1 i p  1  y 

By 

feet 

0.3048 

feet  per  second 

0.3048 

gallons  per  minute 

3.785412 

gallons  (U.  S. 

1 i qu id ) 

3.785412 

horsepower  (550  foot¬ 
pounds  per  second) 

745.6999 

inches  of  mercury 
(32°F) 

3386 . 38 

kilowatt  hours 

3600000.0 

pounds  (force)  per 
square  inch 

6894.757 

report  can  be  con- 

To  Obtain 
metres 

metres  per  second 

cubic  decimetres 
per  minute 

cubic  decimetres 

watts 

pascal  s 
j  on les 

pascals 
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SF.I.KCTKl'  RKKKKFNCFS  UN  INN'OVA'i  IVF/AI  li.KSATIVK  WASTEWATER  CUU.ECTION 
SYSTEMS  TOR  CORPS  OP  ENT, INFERS  RE-CREATION  AREAS 

PART  I:  INTRODUCTION 


Background 

1.  I  iu-  U .  S.  Army  Corps  ol  Engineers  (CKj  is  responsible  for  de¬ 
signing,  constructing,  maintaining,  and  operating  wastewater  collection 
and  treatment  systems  for  its  recreation  areas  located  nationwide.  The 
use  of  these  areas  lor  over  479  million  visitor  days  in  1979  emphasizes 
the  magnitude  of  this  responsibility. 

2.  Water-based  transport  <>t  waste  plays  a  dominant  role  in  the 
provision  ot  sanitary  services  to  CK  recreation  areas.  Traditionally, 
waterborne  waste  carriage  systems  transmit  waste  via  the  force  of  grav¬ 
ity  or  a  combination  of  gravity  and  a  series  of  lift  stations  and  force 
mains.  In  many  cases,  however,  the  use  ol  conventional  sewerage  tech¬ 
nology  may  not  represent  the  best  available  technology  as  applied  to 
site-specific  problems.  This  mat  he  particularly  true  for  those  sites 
developed  as  CK  recreation  area::  that  may  have  unusual  topographic,  geo¬ 
logic:,  or  development  density  constraints. 

■> .  The  solution  to  these  s  i  te-spec  i  f  i  e  problems  typical  of  CE 
recreation  areas  may  require  adaptation  of  i nriova t i ve/a  1 Lerna t i ve  col¬ 
lection  systems  previously  developed  for  application  to  the  problem  of 
collecting  anil  transporting  wastewater  generated  in  the  municipal 
se  en.)  r  i  o  . 


I’ll  rpose 


4.  The  purpose  ot  this  study  was  Lc>  develop  a  literature  base 
that  would  serve  to  supplv  information  necessary  to  formulate  research 
and  development  requirements,  if  any,  related  to  application  of 
innovative/alternative  collection  systems  to  CE  recreation  area 
reipr  i  foments  . 


i 
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PART  1  I  : 


1 NNOVAT I VK/ Al.  I'KRNAT  1 VE  SYSTEMS 


Background 

S.  The  development  ot  innovative/alternative  wastewater  collec¬ 
tion  systems  has  been  spurred  by  the  increase  in  construction  cost  of 
traditional  gravity  collection  systems  and  a  realization  that  the 
aesthetic  desirability  of  many  sites  proposed  for  development  may  be  in¬ 
versely  proportional  to  the  technical  and  economic  feasibility  of 
supplying  sanitary  services  by  conventional  means.  Four  classifications 
of  innovative/alternative  collection  and  t ransportat ion  systems  have 
received  the  most  attention  from  both  research  and  development  and 
actual  application.  These  include:  pressure  systems,  vacuum  systems, 
small  diameter  gravity  systems,  and  recycle/reuse  systems. 

Pressure  Systems 

b.  Pressure  sewer  systems  utilize  pumps  and  small  diameter  force 
m  i  i ns  to  collect  and  transport  the  wastewater  under  positive  pressure, 
thus  eliminating  the  need  to  lay  pipe  to  hydraulic  grade  lines.  The  de¬ 
velopment  of  reliable  pumps  capable  of  handling  small  flows,  the  devel¬ 
opment  <>!  p i a stic  pipe  for  force  mains,  and  the  high  cost  of  conven¬ 
tional  gravity  systems  have  provided  the  major  impetus  for  application 
of  pressure  systems. 

7.  Two  options  are  available  for  design  of  pressure  systems. 

First ,  grinder  pumps  may  be  util i zed  to  both  shred  and  simultaneously 
inject  the  wastewater  into  the  force  main  system.  Second,  use  may  he 
made  oi  extended  primary  sedimentation  (  i  .  e .  sept  ie  tanksj  followed  by 
use  of  conventional  small  pumping  units  to  inject  the  wastewaters  into 
the  pressure  col  lection  system.  The  septic  tank-pumping  units  system 
lias  proven  to  be  somewhat  more  successful  in  field  studies. 

Vacuum  Systems 


8.  Vacuum  ml  loot ion  systems  use  a  central  vacuum  source  to 


ni.i  i  ut  a  iii  .1  i'u  nst.  nit  vacuum  oil  the  transmission  mini.  Normally,  a  vacuum 
ot  from  ! b  to  2f>  in.  ol  mercury  is  applied.  Vacuum  systems  arc'  similar 
to  positive  pressure  systems  in  that  main  collection  lines  are  small 
iliametei  jilastic  l>ipe  that  can  lie  inst.il  le«l  i  ndependent  of  hydraulic 
grade  lines.  Generated  wastewaters  are  collected  via  the  applied  vacuum 
to  a  central  Lank,  from  which  they  are  pumped  by  convent iona 1  means  to 
the  treatment  or  disposal  site.  The  system  requires  a  normally  closed 
valve  it  each  point  ot  wastewater  input.  Disadvantages  include  a  limi¬ 
tation  on  i he  length  and  head  of  the  collection  system  and  possible 
vacuum  leaks  rendering  the  system  inoperable. 

Small  Diameter  Gravity  Systems 

') .  Small  diameter  gravity  systems  are  similar  in  design  to  con¬ 
ventional  gravity  systems.  Small  diameter  polyvinyl  chloride  (PVC)  pipe 
■s  substituted  lor  vitrified  clay  or  concrete.  Use  of  PVC  piping  with 
solvent  weld  or  (J-ring  joints  allows  use  of  a  lower  friction  factor  re¬ 
sulting  in  lower  minimum  grade  requirements  and  smaller  pipe  sizes.  Op¬ 
erational  character i st  ics  of  small  diameter  gravity  systems  are  not 
well  documented  at  the  present  time. 

Reeve  1 e/Reuse  Systems 

10.  Recycle-' reuse  is  a  general  classification  of  systems  used  to 
reduce  witer  consumption  through  either  complete  recycle  or  cascade  re¬ 
use  ut  witers.  Complete  reuse  systems  are  not  considered  to  be  techni¬ 
cally  or  economically  feasible  for  recreation  area  use  at  the  present 
time.  Typical  recycle  system  scenarios  separate  blackwater  (waters 
uming  into  conta.L  with  human  excreta)  arid  greyvater  (waters  used  for 
showers,  laundry,  handwashing,  etc.)  in  order  to  simplify  treatment  and 
disposal.  The  grevwater  may  he  used  as  water  closet,  flushing  water.  In 
I  he  alternative,  mineral  oil  or  some  other  recycle  fluid  has  been  used 
to  convey  waste  materials  from  water  closets  to  treatment  facilities, 
file  waste  materials  are  removed  and  the  oil  is  recycled.  Recycl e/ reuse 


system;  require  re  lot  ively  high  iiiili.il  tost  and  subsequent  h  i  >*h  ojx-r.i- 
t  i  oil  am!  ilia  i  nt  rii.imc  costs. 

Siniuna  ry 

11.  Innovativi  and  alternati vc  means  of  wastewater  collection  arid 
transmission  including  pressure,  vacuum,  small  diameter  gravity,  and 
i e eve  1 e/ reuse  systems  are  available  for  application  to  recreation  area 
recpi  i  reinent  s  .  Although  these  systems  tend  to  have  higher  capital,  oper¬ 
ation,  and  maintenance  costs,  they  may  present  a  technica'ly  feasible 
and  economical ly  at  tractive  alternative  where  complex  site  character¬ 
istics  and  treatment  erileiia  arc  applied  on  a  site-specific  basis.  In 
municipal  development  applications,  pressure  and  vacuum  systems  have 
been  found  to  be  more  cos t -e 1 t ec t i ve  than  conventional  gravity  systems 
under  harsh  topographic  eondit  ions  including  hiliv  or  rocky  terrain  and 
low-lying  areas.  Innovative  and  alternative  wastewater  collection 
systems  should  be  evaluated  on  a  life  cycle  cost  basis  for  each  recre¬ 
ation  facility  using  waterborne  waste  cn-riage. 


PART  III:  SELECTED  REEHRiiNCKS 


Annota  t  i  oils--' 


P r e s s  ujr  e  s y s  1  eins 

1.  "Advanced  Development  of  Household  Pump-Storage  Grinder  Unit 
(Task  6),"  by  R.  P.  Farrell.  NT1S  No.  PB-186  004,  1968. 

As  part  of  the  American  Society  of  Civil  Engineers  (ASCE)  Project  on 
Separation  of  Combined  Sewers,  a  contractor  has  developed  and  constucted 
the  first  prototype  of  a  Pump-Storage-Grinder  (PSG)  unit  suitable  for 
installation  in  individual  houses.  The  functions  of  grinding,  pumping, 
and  backflow  prevention  are  provided  in  an  integral  assembly  that  can  be 
lowered  into  place  on  a  f i e Id- i ns t a L led  steel  or  concrete  tank. 

( t  c  om  BSWF ) 

2.  "Alternatives  for  Small  Wastewater  Treatment  Systems:  Pressure 
Sowers/ Vacuums  Sewers,"  by  J.  Kriessl ,  1.  A.  Cooper,  and  J.  W.  Rezek. 

.  S.  Environmental  Protection  Agency  Technology  Transfer  Seminar, 

Report  No.  EPA-b25/4- 7  / -0 1 1  ,  Uct  1977. 

The  II.  S.  Env  i  ronnieu  :..i  i  Protection  Agency  Technology  Transfer  Report  in¬ 
cludes  background  information,  descriptions,  case  studies,  construction 
considerations,  costs,  and  information  on  operation  and  maintenance  of 
pressure  and  vacuum  sewers.  A  design  example  for  a  vacuum  system  is 
presented  in  Appendix  B.  Lower  capital  costs  and  significantly  shorter 
construction  times  are  inherent  in  pressure  sewer  systems,  as  compared 
to  conventional  methods.  But,  pressure  sewers  should  only  be  considered 
with  properly  conceived  management  arrangements  (i.e.  maintenance  of 
g r i nde r  pump  units). 

Abbreviations  used  are  as  follows: 

BSWF  "1979  Bibliography  of  Small  Wastewater  Flows,”  by  F.PA  Staff. 

El  "Engineering  Index." 

ENV.  I  "Environment  Index." 

NT  I  S  Nat  loiial  lechniral  Information  Service. 

WKA  "Water  Res. Mines  Abstracts." 
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V  -i  i'ii  inn  st-.-.i'r  systems  ■■iter  lower  i  oust  rui  t  i  on  costs,  iter  ic.ikci) 
i  ti  I  i  I  t  ra  t  i  eii/  j  n  t  I  ow  ,  reduced  water  consumption  with  use  of  vacuum  toi¬ 
lets,  an. I  ease  of  i  ns l a  1  I  a t I  on .  But,  the  complexity  ol  vacuum  equip¬ 
ment  requires  operat  ing  personnel  L  >  he  properly  trained  to  maintain  a 
vacuum  sewer  ystcm.  Procedures  to  follow  in  the  event  o f  a  breakdown 
in  a  vacuum  system  are  also  included  in  the  report. 

1 .  B"t  i ,  .  Water  Resources  Through  Sewer  less  Sanitation,"  by  H.  H. 

I,,  a  i  ll  .  W  r  Resources  Bulletin,  Vo  I  11.  No .  d  ,  pp  .  401-407,  1077. 

0.  is  ill  .!  ;  ■  nss  i  ■  n  .  I  alternative,  onsite  waste  disposal  svstems  now 

available  'it  under  dove  i  opim-nt  .  Aerobic  treatment  units,  recycling, 
compost  i  lit: .  ;  uc  i  him  at  i  ng.  and  cl  used- mop  toilets,  as  well  as  pressure 

system . .  n  In  iefly  deer  i  bed.  (  from  BSWp ) 

4.  "<  i  !  t'.  lion  Alteriiat  i  ve  :  The  I’rc-ssiue  Sewer,"  hy  W.  C  .  Bowne  .  Ili- 
dividua!  Onsite  wastewater  Systems.  I'roc.  'it  tin  Natl.  (Ion  le  rence ,  lirrl, 
Anii  Arbor ,  Mich.  ,  pp.  I71-I8B,  Kov  107b. 

III'.-  j'api  i  Iisiusses  t  lie  v  oncept  o'  pressure  sewers  and  the  hardware  ro- 
>1 1 1  i  i  . "!.  and  compare:,  such  systems  with  c  onvent  ional  sewers  and  onsite 
disposal  a  I t e rna t  i ves  .  There  is  negligible  infiltration  and  int low 
as.s.a  i.il  " 1 1  v.  i  •:  b  pressure  sewers.  I'lessuri  sewers  are  adaptable  t-  serv¬ 
ing  rural  or  sem  i  ru  r.i  I  i  ommun  i  l  i  es  .  Bene  tits  are  primarily  economic, 
but  in- 1  in.  'udo  lift  t  '  •  r  land  use  by  enabling  the  development.:  ol  areas 
d  i  I  I  i  i  u  I  t  to  serve  ot  lie  rw  i  se  .  db  i  ■  •  i  :•  .  I  I  mill  Kl) 

5 .  "Control  Techniques  tor  Pressurized  Sewerage  Systems,"  ASTh  combined 
S  ewe  i  Sop. ii  it  uni  Id  "jell,  T'i  h.  Mem.  No.  II,  I’B-IRb  OB  7 ,  M  1 1  4,  lbt>8. 

It  i  ns i  i  ui  o/  i  nst  Turnout  at  i  on  and  i  mil  ml  ot  a  pro:::  n  :  i  rod  sow'or  .system. 

I .  o  o  I  a  i  ubher-:  eat  ed  but  t  e  r  I  I  v  v.ilv  i  :  I'm  online  nd  I  I  o  i  tin  basic  con  - 

'  is  |  o|i  'ini  ui.  Sensing  dev  i  i  es  ups  t  roam  o  t  the  valve  i  in  I"'  used  to 

i  i  )*  u  1  a  i  o  t  I  .  tog  n  o.i  i  I  v  t  ■  "  1 1  p  i  '  ■  *  I  a  :  I  ■  s  a  !  o  i  ■  >u  t  i  .  i  i  .  i  I  <  -  by  d  ra  u  I  i  '■ 

.  ui  t  I"  I  s  vs  I  ''in:;  ,in  in  i  -iinii'  in  led  in  p  i  e  t  <‘  i  em  >  i  "  j  i  r  i  •  u  e  i .  1 1  i »  . 
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hyd  ropneuma  t  1 1  ,  or  electronic  systems.  (from  WRA ) 

6.  "Cost -Effect i veness  of  On-Site  and  Community  Sewerage  Alternatives," 
by  J.  J.  Troyan  et  al.  Civil  Engineering,  Vol  47,  No.  12,  pp .  84-89, 
1977. 

Outlines  a  procedure  for  assessing  Lhe  cost-effectiveness  of  wastewater 
treatment  alternatives.  Advantages,  disadvantages,  limitations,  and 
cost  factors  for  evaluating  conventional  gravity  sewers,  small  diameter 
gravity  sewers,  pressure  sewers,  and  vacuum  sewers  are  described.  (from 
BSWE ) 

7.  "Cuyler  Sewage  Project  -  A  Case  Study,"  by  James  V.  Feuss  et  al. 
Cortland  County  Health  Department,  N.  Y.,  presented  at  Central  New  York 
Regional  Planning  and  Development  Board  Wastewater  Treatment  Systems 
for  Private  Homes  and  Small  Communities  Corif.,  p.  223,  1978. 

The  process  of  designing  a  small  municipal  sewer  system  for  Cuyler,  N.Y., 
searching  out  available  funds,  creating  a  sewage  district,  and  con¬ 
structing  Lhe  system,  took  six  years.  The  Cuyler  project  is  summarized 
along  with  the  pressure  sewer  system  that  was  selected.  Total  costs 
predicted  $130,000,  not  including  In-kind  services.  The  unit  cost  is 
$4846.  (from  ENV.I.) 

8.  "Demonstrating  the  Feasibility  of  Vacuum  and  Pressure  Sewers,"  by 
I..  K.  Clark  and  J.  E.  Eblen.  Public  Works,  Vol  108,  No.  4,  pp.  81-84, 

Apr  1977. 

Vacuum  and  pressure  systems  were  utilized  in  a  collection  system  con¬ 
structed  in  Bend,  Oreg.  Specific  information  about  lhe  pumps  used  and 
the  type  and  amount  of  excavation  is  presented.  Depth  of  burial  for 
pressure  and  vacuum  systems  is  governed  only  by  frost  depth  or  surface 
loading  conditions.  The  author  gives  a  cost  of  the  vacuum  system  as 
$9. 75/ft.  Tfi  i  s  figure  is  nearly  twice  the  $  5  / 1  in  ft  for  pressure  sew¬ 
ers.  The  author  mentions  that  "relays  to  signal  the  operation  of  the 
individual  vacuum  release  valves  have  not  performed  satisfactorily  to 


lit  <  ■  .in-!  must  In*  eh.  in^i'il  .  "  Also,  tin-  fir. lining  o|  the  i  "lidensa  t  e  I  rum 
t  lie  ;  >  i  jiii|i  ft. ill  taken  more  operator  time  Lfian  any  other  item, 

about  hail  an  hour  daily,  hut  changes  were  being  et letted.  Operator 
time  was  largely  devoted  to  adjusting  the  sensor  system  lor  the  vacuum 
valve  iperalion  and  getting  the  signal  system  to  report  events  to  the 
vai  uam  station.  The  author  oilers  no  operation  and  maintenance  infor¬ 
mation  mi  pressure  sewers. 


d  .  "design  Handbook  lor  I.uv  I'rrssure  Sewer  Systems,"  F.nv  i  roiiinent /One 
Corp.,  S<  lienee  t  atly  ,  N.Y.,  4lh  ed  .  ,  1'1/ii. 


The  1  >i  sign  Handbook  includes  a  short  descript  ion  of  pressure  sewer  sys¬ 
tems  ami  devotes  most  tables,  graphs,  and  figures  to  various  grinder 
pumps.  Klectrical  diagrams  are  also  offered.  The  Handbook  is  intended 
as  a  genera  I  guide  and  includes  the  following  sections:  Pump  Selection 
and  System  Design,  Choice  of  Positive  Displacement  Pumps,  Motor  Charac- 
teristiis  hoi, n  i  red  for  a  Clrinder  Pump,  Indoor  Versus  Outdoor  Character¬ 
istics,  dene •  a  I  Mechanical  features  of  Grinder  Pump  Papi  i pment ,  Scouring 
Dm  ing  Low  I-  I  ow  Conditions  in  Low  Pressure  Sewer  Systems,  Kffeets  and 
Conti ol  of  Higher  than  Normal  Pressures ,  Operation  following  ILxtended 
Power  Outage,  Product  Safely,  and  Serviceability  and  Reliability.  Two 
to  three  pages  are  devoted  to  some  of  the  sections.  Charts  and  graphs 
are  i  m  1  tided .  The  aiithoi  does  report  that,  out  of  8000  pumps  in  ser¬ 
vice  as  o)  fiecemhor  1078,  the  mean  time  between  service  calls  for 
grinder  pm-  p  units  for  al  1  causes  exceeded  three  years.  Also,  when 
power  is  restored  following  an  extended  power  outage,  a  majority  of  the 
[unrips  will  attempt  to  run  simultaneously  (for  automatic  overload  ros<  t 


1C.  "Design  Procedure  for  a  Rui.ii  I’res.. ure  Sewer  System,"  by  Richard  ],. 
Sanson.  Public  Corks,  pp .  SC-K/’,  mt  1078. 

Design  a :.  sump  t  i  oils  for  a  sma  1  I  pressure  scwci  system  in  Gr.indvi  ow  lake, 
Ind.,  an-  presented.  I-  i  It  y  gallons  per  capita  per  day,  with  hi  person 
per  lioiisefio  1  d  .  was  assumed.  I  i  ■  (  hided  is  a  ligme  shewing  pressure 


sewer- user  flow  i  e  i:it  i  unships  .  lire  figure  ifulirul.es  PVC  pipe  sizes  for 
minimum  velocities  ol  2  It/set. 

11.  "Economical  Residential  Pressure  Sewer  System  with  No  Effluent," 

by  Cl .  F.  Hendricks  and  S.  I1!.  Keos .  I1.  S.  Environmental  Protection 

Agency ,  Report  No.  KPA-b00/2-75-072 ,  IB-249  195,  Dec  1975. 

the  report  discusses  the  design  of  .1  pressure  newer'  system  that  was  moni¬ 
tored  for  its  effectiveness.  Use  of  a  land  treatment  system  produced  no 
effluent.  The  elimination  of  groundwater  infiltration  and  restrictive 
elevation  tolerances  associated  with  a  conventional  gravity  sewer  system 
enabled  it  to  be  installed  and  to  function  economically.  Initially,  in¬ 
efficient  home  grinder-pump  units  resulted  in  operational  problems  with 
the  pressure  system.  Commercially  manufactured  grinder  (home)  units  re¬ 
duced  these  problems  and  increases  in  construction  resulted.  Numerous 
diagrams  ol  various  grinder-pump  units  are  included.  (from  WRA ) 

12.  "Kf  fluent  Pressure  Sewer  Systems,"  by  K.  F. .  Langford.  V,nter  Pollu¬ 
tion  Control  Federation  1977  Annual  Meeting,  Philadelphia,  Pa.,  1977. 

Provides  detailed  descriptions  ol  effluent  pressure  sewer  systems,  in¬ 
cluding  design,  hardware,  cost,  septage  disposal,  opeiation,  mainte¬ 
nance,  and  economics.  Describes  the  advantages  of  effluent  pressure 
sewer  systems  over  gravity  sewers  and  grinder  pump  systems.  Identifies 
and  describes  past  research  and  effluent  pressure  systems  currently  in 
operation.  (from  I1SWF) 

13.  "Electric  Energy  Consumption  of  Selected  Home  Appliances,"  Data  From: 
11.  S  Cove  rumen t  Publication,  "Citizen  Action  Guide  to  Energy  Conserva¬ 
tion,"  li.  S.  Environmental  Protection  Agency,  Report  No.  EPA-R2-72-09 1  , 
1972. 

Annual  energy  used  by  an  Envi ronmerit/One  grinder  pump  was  estimated  at 
200  kwhr . 

14.  "Environmental  Constraints  Challenge  Designers  of  Shoreline 
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C  <.>111111 1  j  1 1  i  l  y  Nea  r  K.  ins.  is  City,  H  i  ssour  i  ,  "  I  >  y  G.  Gray  .  Professional  Engi¬ 
neer,  pp  .  42-44,  Jim  10  75  . 

A  pressure  sewer  system  was  selected  over  an  alternate  gravity  system 
for  a  community  near  Kansas  City.  The  total  construction  and  equipment 
hid  for  the  pressure  system  was  $1,010,108.  An  estimate  tor  the  gravity 
system  was  $2,250,000.  The  low  pressure  sewer  system  was  constructed  of 
SDK-26  (lot)  psi  rated)  PVC  pressure  pipe.  Solvent  welded  joints  were 
specified  because  of  favorable  experience  with  tiiat  system  in  achieving 
pressure- l i ght  continuous  lengths  of  pipe  with  built-in  thrust  takeup. 
However,  the  contractor  requested,  and  was  permitted  to  use,  compression 
type  gasketed  joints,  and  added  thrust  blocks  where  necessary  to  resist 
the  possibility  of  axial  movement.  Since  the  normal  system  pressure 
will  he  35  psi  or  less,  a  static  pressure  test  of  60  psi  for  two  hours 
was  specified.  In  those  portions  of  the  system  which  were  laid  through 
rock,  a  rock  saw  was  used,  and  sand  bedding  was  placed  around  the  pipe 
to  protect  it  from  sharp  edges.  Otherwise  clean  earth  backfill  was  used, 
and  no  unusual  precautions  were-  required. 

13.  "Env  i  r-o-l’ak :  Water  and  Wastcwalcu'  Equipment,  Sales  and  Design 
Manual,"  willow  Grove,  Pa. 

Includes  figures,  charts,  drawings,  and  specifications.  Recycle  and 
vacuum  collection  systems,  pressure  sewer  systems,  etc. ,  are  discussed. 
Innovative  alternative  systems  are  stressed.  basic  wastewater  data 
supp I  i  ed . 

16.  "Experience  With  Grinding  and  Pumping  of  Sewage  from  Buildings,"  by 
D.  H.  Waller.  ASCE  Report  TM-3,  PB-lR'i  l‘)67. 

The  combined  sewer  separation  concept  envisions  the  i ns t a  1  I  a t  i  on  ,  in 
eaefi  building  complex  that  is  served  by  an  existing,  combined  sewerage 
svstein,  of  equipment  that  will  grind  building  sewage  and  discharge  it 
under  pressure  to  a  pressure  sanitary  sewerage  system  ( I rom  BSWI  ) 

1  3 


17.  "txpe  r  i  i“iu  (’  with  Pressure  Sewerage  ,  "  l»v  Mortimer  Cl  ill.  .Journal 
ot  tin-  Sanitary  l.ng  i  nee  r  i  ng  Division,  ASCII,  pp  .  849-865,  Get  1968. 

Kxpenenee  with  pressure  sewerage  over  a  three-year  period  at  Rude  1 1 f f , 
Ky.,  is  discussed.  Information  on  design,  operation,  and  maintenance 
and  cost  i  a  inpa  i  i  sons  is  included. 

18.  "Final  Report  to  the  American  Society  of  Civil  (engineers  on  Task  7 
and  Task  9,”  NTIS  Report  No.  I’ll  185992,  1967. 

Tile  scheme  under  investigation  includes  the  conveyance  of  sewage  from 
special  gr i  mler-st oruge-pump  units  in  individual  homes  by  means  of 
pressure  tubing.  (from  BSWF) 

19.  "Grinder  Rump  Maintenance  Experience,"  Fnvi ronment/One  Corporation, 
Prepared  by  R.  P.  Farrell,  Jim  1978.  Also  "Grinder  Pump  System  Design 
Plow  Chart,"  comtesy  of  F.nv  i  ronment/One  Corp.  Water  and  Sewage  Works, 
Ref.  Issue,  New  York,  N.  Y.  p.  R240,  1978. 

F.nv  i  ronment /One  Corp.  maintenance*  experience  with  grinder  pumps  is  sum¬ 
marized  (from  1973-Juue  1978): 


Project 

No.  Units 

T  nsta I 1 ed 

Operating  Time 
l ii  Months 

Service 

Calls 

MTBSC* 

Country  Knolls 
South,  New  'York 

355 

1.3,224 

391 

2.8  years 

Weather  by  Lake, 

Mi ssour i 

350 

7,124 

196 

3.0  years 

Lake  Mohawk, 

Ohio 

240 

6,602 

181 

3.0  vears 

*  The  mean  time  between  service  calls  (MTBSC)  calculated  as  follows: 

Number  of  Units  Installed  x  Number  of  Days  Since  Installed 

...  -  ,.  - . '  -  — -  =  Ml  BSC 

Number  ot  Service  tails  x  Days  in  a  Year 

The  grinder  pump  system  design  flowchart  is  a  plot  of  the  recommended 
design  flow  versus  number  of  connections. 
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20.  "Grinder  Pumps  and  Pressure  Sewers,"  by  G.  Curley,  Jr.  New  England 
Water  Pollution  Control  Association  Journal,  pp .  56-60,  Apr  1978. 

The  paper  discusses  grinder  pumps.  Small  grinder  pumps  may  be  of  posi¬ 
tive  displacements  or  the  centrifugal  variety.  Positive  displacement 
pumps,  which  are  generally  smaller,  display  operational  problems  includ¬ 
ing  the  inability  of  the  pumps  to  run  dry,  single-shaft  seals  lubricated 
only  by  the  pumped  liquid,  and  operating  problems  at  shut-off  with 
rotor-stator  damage.  The  helical  rotor-type  pumps,  at  10-gpm  capacity, 
are  offered  primarily  for  individual  homes,  but  may  be  used  in  a  pack¬ 
aged  duplex  arrangement  for  small  lift  stations.  The  2-  to  5-hp  cen¬ 
trifugal  grinders  lend  themselves  to  individual  homes  as  well  as  multi- 
unit  lift  stations  with  flows  less  than  150  gpm.  The  application  of 
such  pumps  to  high  and  low  pressure  sewer  systems  is  discussed. 

(from  NT  IS) 

21.  "Highlights  of  Pressure  Sewer  System  at  Weatherby  Lake,  Missouri," 
Knvi ronment/One  Corporation,  Schenectady,  N.  Y. 

The  pressure  sewer  system  which  was  constructed  in  1974  and  1975  con¬ 
sists  of  42,000  lin  ft  of  pressure  mains  ranging  from  2  to  6  in.  All 
material  was  PVC  SDR-26.  There  are  no  manholes.  Each  individual 
grinder  pump  has  a  check  valve  inside  its  Lank  and  another  in  the' 
1-1/4-in.  house  pressure  lateral.  A  workshop  in  tlx'  city  hall  has 
spare  parts,  cores,  and  fixtures  needed  for  repairs  and  retests.  An  oc¬ 
casional  motor  rewind  must  be  done  outside.  An  average  service  call 
takes  45  min  in  the  summer,  and  1-1/2  hr  in  the  winter.  One  section  of 
the  pipe  froze,  but  this  section  was  buried  at  15  in.,  not  the  speci¬ 
fied  16-in.  depth.  A  serious  odor  complaint  was  solved  hv  using  10  ppm 
ot  hydrogen  peroxide  fed  into  the*  pressure  main  t rom  a  lift  station  wet 
we  I  I  . 

22.  "Hydraulics  of  a  Pressurized  Sewerage  System  and  Use  of  Centrifugal 
Pumps,"  by  E.  S.  Tucker.  ASCII  Combined  Sewer  Separation  Project,  Tech. 
Mem.  No.  6,  Nov  1967. 
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Hydraulic  gradients  tor  high  and  low  sewage  flows  and  the  use  of  pres¬ 
sure  control  devices  for  service  zones  and  interceptors  applicable  to 
pressure  sewers  are  illustrated  and  discussed.  A  pressure  control 
assembly  would  be  needed  immediately  upstream  and  a  surge  control  valve 
would  be  needed  immediately  downstream  ot  a  lift  station.  For  steep 
drainage  areas,  pressure  control  assemblies  would  be  needed  to  limit 
maximum  pressures.  Centrifugal  pump  characteristics  are  discussed  and 
information  on  32  classes  of  sewage  and  solids  handling  pumps  is  tabu¬ 
lated.  Characteristics  for  centrifugal  pumps  capable  of  pumping  sewage 
are  such  that  maximum  reasonable  limits  on  discharge  rates  would  be 
greatly  exceeded  if  variations  in  total  dynamic  head  were  allowed  to 
equal  curb  pressure  variations  that  are  expected  in  some  parts  of  a  pres 
sure  sewer  system.  Ordinary  use  at  centrifugal  pumps  in  these  cases 
should  be  avoided.  A  possible  mod i t i cat  ion  of  building  pumping  systems 
with  a  valve  controlled  to  maintain  a  constant  discharge  pressure  is  dis 
cussed,  together  with  the  use  of  variable  speed  drivers.  (from  WRA) 

23.  "The  Impact  of  Pressure  Sewers  on  the  Nation's  Water  Resources,"  by 
D.  R.  Glenn  and  J.  G.  Federico.  Water  Resources  Bulletin,  Vol  7,  No.  5, 
pp  1081-1092,  1971. 

Pressure  sewer  systems  are  compared  with  conventional  gravity  sewer  sys¬ 
tems.  The  benefits  of  pressure  sewers  are  cited.  Itemized  cost  compar¬ 
isons  are  presented  for  pressure  and  gravity  sewers  for  a  hypothetical 
community's  sewer  system.  (from  BSWF) 

24.  "Less  Costly  Wastewater  Treatment  Systems  for  Small  Communities," 

U.  S.  Environmental  Protection  Agency,  National  Conference  at  Reston, 
Va.,  April  12,  13,  14,  1977.  NTIS  Report  No.  PB  293  2547AS,  Report  No. 

E PA- 6019-79-010,  pp.  45-33,  1977. 

Pressure  sewers  and  a  case  study  from  Glide,  Oreg.,  are  discussed.  It 
was  noted  that  grinder  pumps  are  more  costly  than  effluent  pumps  and 
quite  often  the  entire  installation  is  more  expensive  than  an  effluent 
pumping  system.  A  pressure  sewer  system  was  chosen  over  conventional 
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sys  I  oms  mainly  on  cost  -i'll  Cel  ivories:,, 
p  I  OV  i  ill'll  . 


2'.).  "Long-Term  Operation  of  Wastewater  Ohseivation  Stations  (lask  2)," 
Ly  R.  Paul  Farrell.  ASCK  Combined  Sewer  Separation,  Apt  2a,  1968. 

Observations  lor  seven  months  of  household  wastowatei  stations.  Two 
garbage  err  rulers  were  a  source  of  difficulty.  The  1/4- in.  check  valve 
tegiiiai ly  'tapped  fibrous  or  stringy  materials.  Results  and  information 
■  •  i a  pi  i ,  t  ed  .  (  f  ,  oni  WRA  ; 

-6.  "Low  Prcssiue  Sewe>  System  wilfi  dr  i  rider  Pump  Provides  Wastewater 
Co  i  i  i'ct  i  on  Versatility,"  by  Ktiv  i  ronmen  t /One  Corporation  Water  and  Sew¬ 
age  Works,  Scheiic'.  lady,  N.  Y.  ,  pp.  >8-<* :  ,  Nov  197.1. 

‘be  1 1  s  pressure  sewer  system  lias  several  basic  premises  that  cannot  be 
violated:  tin  combination  of  statii  and  friction  head  loss  must  be  ac¬ 
curately  e', limited  to  achieve  peeper  pipe  sizing;  flow  rates  ensuring 
se  I  1  - i  n  i  i  ng  ot  tlie  entire  system's  piping  must  lie  properly  calculated. 
.Systems  .lie  designed  mi  branch  I  .iy,,ut  :■ ;  /oops  are  avoided.  Norma  i  oper¬ 
ating  p  res  mi  res  in  the  range  of  lb  psig  are  employed  for  pressure  sewer 
systems .  With  normal  topsoil  conditions,  a  light  trencher  digs  a  narrow 
trench  deep  enough  to  he  below  the  frost  line.  Only  tv.o  men  are  needed 
to  lay  the  pipe  and  make  the  joints.  Manholes  and  lift  stations  are  un- 
nei  essarv.  Instead,  simple  valve'  boxes  are  provided  for  sect  i  ona  1  i  z  i  tig 
and  access. 


27.  "Lew  Pressure  Sewers  Revisited,"  by  R.  Paul  Farrell,  Jr.  Reprint 
from  the  Sep  1979  issue  ol  the  .Journal  of  the  New  F.ngland  Water  Pollu¬ 
tion  Control  Assoc  i a t i on . 


1  l  h. 

is  been 

we  1  1 

document  ed 
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d  pit  re  1  y  t  o 
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C  ,ip  1  t 

a  1  1 ows  a  re 

per  . 

lav  (  g  p  ( 
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Compared  to 
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hat,  it  the  col (eel  ion  system  (pressure 
the  domestic  waste  originating  inside  res i - 
in  the  order  of  18  to  80  gal  per  capita 
the  typical  100-  to  128-gpcd  design  figure 
is  obvious  that  groat  savings  can  be 
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realized  in  both  transport  and  treatment  costs  as  a  result  of  this  dra¬ 
matic  reduction  in  volume.  Given  a  situation  in  which  pumping  is  re¬ 
quired  by  topography,  for  example,  a  low  pressure  sewer  system  can  usu¬ 
ally  be  shown  to  have  a  lower  operating  cost  (in  both  dollars  and  en¬ 
ergy)  because  the  smaller  volume  handled  more  than  offsets  the  higher 
efficiency  of  the  larger  pumping  stations.  Design  recommendations  for 
pressure  sewers  currently  in  use  call  for  a  minimum  velocity  of  2  ft/sec 
This  is  consistent  with  older  standards  governing  force  main  design. 

indoor  installation  of  the  grinder  pump  unit  is  recommended  for  ease  in 
maintenance  and  protection  from  vandalism  and  weather.  Concrete  foot¬ 
ings  and  anchors  are  nearly  always  required  for  outdoor  units. 

Mean  Time  Between  Service  Calls  (MTBSC)  for  all  grinder  pump  units  for 
all  causes  has  been  estimated  at  2.8  years  (up  to  1978). 

Using  the  present  worth  method  of  economic  analysis  currently  required 
by  the  F.nviconmenLal  Protection  Agency  (EPA ) ,  and  depending  upon  the 
size  of  the  project,  interest  rate,  and  whether  or  not  overhauls  are 
done  onsite  or  at  the  factory,  the  author's  calculations  indicate  an  an¬ 
nual  cost  of  between  $35  and  $60  per  pump  per  year  at  1978  prices. 

This  will  pay  for  power  cost,  minor  repairs,  major  overhauls  at  10-year 
intervals,  and  replacement  at  20-year  intervals. 

28.  "Milwaukee  Study  Area,”  by  American  Society  of  Civil  Engineers. 

NI1S  Report  No.  PB- 186003,  1968. 

This  reference  is  part  of  an  overall  research  study  being  conducted  by 
the  American  Society  of  Civil  Engineers  (ASCF.)  to  determine  the  feasi¬ 
bility  of  separating  combined  sewerage  by  using  a  system  of  pressure 
conduits  to  convey  sanitary  sewage  from  individual  structures  to  an  ex¬ 
isting  interceptor.  Includes  a  detailed  description  of  plumbing 
changes  required  to  separate  sanitary  wastes  from  roof  drains,  and  the 
work  required  to  install  a  grinder-storage-pump  unit  in  each  building 
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Project,  i  ,  .  ii  .  Mem .  No.  ] ,  Nav  lbt,,S. 


Ihe  general  Concent  on  i  lii.ii  the  Awerir.rn  Society  of  Civil  K.ng  i  nee  is 
i.ASil.i  i  ■  mih  i  1 1  •  <1  Sever  Separation  I'rojeet  was  hased  involved  the  dis- 
i barge  n|  (  oiiiiii  i  mi  t  ed  sewage  I  roin  Ini  i  I  •  I  i  rigs  ,  via  relativelv  small  pits- 
sine  lulling,  into  new  pressure  sanitary  sewers.  Some  of  the  re  ,rime,  hail  i  • 
'.ii  .puss  i  i  ,.iis  involved  with  grimier  pump  units  were: 

1.  "Who  would  purchase,  install,  own,  service,  and  replace 
I’i'o  j,M  I  i  g  r  i  nde  i  -  pump  )  unit'."" 

.  "Who  would  p.,y  to  i.pi'1'..tr  them,  i  .  e .  ,  '..ho  would  puv  tar  tile 
povei  i.  in,  "I  he  lie  nil  I  '  s  " 

I  nusii  a  1  iioisis  nriiiMi.ii  iy  prolonged  oper.it  ioil  indiiuted  need  tor 
s.'ivuT  ,  ■  I  a  g  i  i  ml,  r  -  pump  unit,  in  some  (.isos,  oVei  Moving  sewage  vas 
the  i  ml  i,  1 1  . .  i  I  • ,  i  s  i  ■ ,  I  (  e 
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v  i  dn. i  !  t'ns  1  I  •  V.  a  ••  t  ,  v  a  t  e  i  systems.  I’  i  m  i  cl  i  ugs  ,,|  t  lie  I'ourth  Nalieii.il  tioii- 
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(!.  IV  I  •  I  I  > .  • .  I’lrst.iiri'  Severs,  Mail;  f.xpaiis  i  *  ui  ,  "  hv  T.  L.  Williams, 

lull  i'  .nr!  Was  (<‘s  He g i nee i i ug ,  Vul  I./,  No.  II,  ; 1  j  ’  .  Hr>-K7,  Nov  I  9  7  S  . 

I  ii !  n  .■  va  i  i  vt’  1 1  ’ ,  >  ■  .1  |  in  I  vt’ t  iiy  I  out'  |>  i  pe  a  ii'i  i  us  L  .1  I  1  a  I  i  •  hi  nl  y  r  i  ude  r  |miiii|)s 

an*!  pressure  srkrcs  ui.iiknl  t  hr  expaiis  i  *  •  1 1  tliat  doubled  the  treatment  t‘a~ 
paiitv  *>l  L  t  n  ■  iaiL',*,,,ii  ami  irrigation  system  in  Harbor  S|i  r  i  ng.s  ,  Nil'll. 

This  is  tin-  I  11st  known  use  *.!  jn.  I  yo  l  by  I  i'll*  •  pipe  lor  a  collection  sys- 
t » *111  .iinl  t!i*'  lir:  l  use  o  I  grinder  |)iini|is  nui  pressure  sewers  in  a  collet- 
lion  .  v 1 1  -  m  1 '1  tl'i-  Slate  *  >  t  Michigan.  To  serve  a  resort  area,  flexibil¬ 
ity  o  1  o|n  1  a  l  1  hi  was  necessary  l  *  *  1  ope  with  |io|ui  1  a  t  1  on  fluctuations, 
ami  steiiu  •  jiia  J  it  1  c  as  I  In-  iron  lia*l  t"  be  jirot  ect  e*l .  file  project  elim¬ 

inate..  dis.haige  *  ■  I  si  ptii  tank  aiul  treatment  plant  el  fluent  into  sev- 
01  a  1  lakes  am!  streams  in  tin-  an  a.  I  I  n.m  WKA ) 

iJ  .  "i’lesuie  am!  Va  11 1  mi  Sewer  Itenion:.  i  ra  t  i  on  Project  -  (lend,  Oregon," 

by  Jessie  1..  Kblt'ii  ini  l.lovii  K .  r'lark.  IS  S .  Knv  i  roimieri  t  a  1  Protection 

Agency  ,  Kep.nt  N*>.  i.  PA -(>()(!/ 7- 78- loo  ,  Sep  I  *•  78  . 

A  pi  ssu re  lower  ivstem  toll*  tine  •lomesti*  sept  1  *  tank  effluent  amt  a 
va«  niiiti  system  co1  led  mg  raw  Ihh*  :  l.*  sewage  were  roust  rncteil  in  tilt' 

I  ily  at  Kail.!,  ling.  I'lie  -Vsl*:t..  wt  ie  operate*!  and  lllollittired  lor  one 
year.  I  1:  lari  ina  I.  |*.||  prose. .led  I  . .  1  the  pro  jet  t  i  IK  I  lilies  :  CO  IIS  t  flit  t  i  Oil 

lost:  .  1  *  in  j  .  1  r  1  s  a,  io.ts,  a  1  *  e  1 1  •  . .  t  i  ami  in  i  i  ii  t  c  1 1 . 1 1  ic c  ,  w a  i  s  t  o  w .  1 1  o  r  volumes, 

* .  a  i  *  *  . is  *  ■  ,  one  i  * v  *  *  ■  a  '.nint  .  •  •  1 1  .  ami  *  In  'in  i  *  a  I  *'lia  ra t  t  e  r  i  s  t  i  cs  .  Table  19 
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1 1  us*  1 1 "  i  • !  sewage  into  small  iliameter 

t  **t  installing  treatment  systems 
t  I  i  in  i  in  t  i  on  , ,  i  i  n  I  i  1 1  r  a  t  i  on  and  in¬ 
i'  'ii  ii  .'inage,  i  educed  sewage  volume 


.In  an  WP.SP  ) 


w  'pressure  Sever  |)i-iiiiiiis(  Ml  i  III)  ,  "  liy  I.  A.  C. mil'll,  I  1 1 1  •  I  |  lilt’,  .Ml,! 
K-  l‘il''11'  Sl'Siely  <>«  Civil  ijiRiiHTrs,  lou  run  I  o  i  Knv  i  roiimtn- 

L  1  1  Division,  |>|,.  2r>-40,  feh  I M  7  4  . 


A  pressurized  sever  system  was  extensively  test  oil  ilm  iiir  I  IS-  I  /4-nioiit  ti 
111  Alls, my,  N.  V.  Grinder  pump  unit:,  capable  ,,|  mai  e  r.i  t  i  hr  most 
sis  l  ewa !  ,-r  So  ]  ids  to  Joss  than  1/4  in.  in  diameter  were  utilized.  N  i  no 
1,1  l!"'  original  urm. lor  pumps  were  exc  hanged  l,.r  nx  .•)  i  t  i  (><J  units.  The 

operated  fur  7-1/4  months  an!  h.i- f  I  nr  ma  I  f  unct  i  oris 
■  1  mll>  I1 1  oss  u  ro  sw  i  l  rli  or  t  i  mo  .lolav  switoli,  loss  of  prime  or  grease 
’  ' 1  - ! r  of  p  i  e ;.  s  n  i  e  sensing  ■-  nfie  ,  i  a  u  !  t  y  or  worn  mei  fia  n  i  oa  1  parts). 

1 1  'final  grin. lor  pump  units  li.el  AM  similar  ma  I  f  unit  ions  .  The  prcs- 
:JI"  1 ''''''  1  ■'•1S  0"ii:,t  fueled  using  plant  ii  pipes,  1-1/4  in.  m  diam- 

'‘lrr  1  pressure  sewer  laterals  ainl  1-1/4  to  .i  in.  lor  the  pres- 

s"r**  '"am.  i  hr-  author  states  that  l  lie  1-in.  pressure  main  was 

p'S'huhK  ever.h  i  gn.-.l  ami  roil  M  have  been  in.  in  diameter.  A  2-  to 
’-•I  se,  ,  jeans  in,;  v.  lot  i  tv  is  irroiiimcn.lcil  to  keep  the  mains  free  of 
grease.  An  analysis  the  ptessure  gages  data  indirated  the  svstem  vat. 

hydr.in  I  i  i  a  i  1  \  1  •  •  a .  I ,  1  to  n.-ai  tile  maximum  reroinmemled  vorking  pressure  . .  t 

I  ’-s  I  •  lie’  !heoirliial  lota!  d\ nai'U  .  head  <  oinpii  t  a  t  i  oils  to,  tills  system 
,|"1  net  o’ '  'in  pa  re  tav,.,al.|y  with  I  tie  ai  Inal  recorded  .fata.  Where  values 
el  '  ■  ’’  >i  n.l  1  1  .  (i  pa.  i  v.  e  i  .  •  •  .  mi  pu  te.|  1 .  1 1  tin  i  in  l  i  i  I  and  final  stages  of 
the  project  ,  in  actuality,  pressures  d  12  and  2"  psi  v.  re  • e<  orded . 

1  he  d  i  II  e  rent  i  a  I  van  he  arc  ininl  e.|  | . . ,  |>\  the  sizable  duet  ton  the 

cross-sectional  area  u|  the  pressure  pipes  |.y  solidified  gj.  isr.  !  Iict.e 
p  t  <*s  s  u  i  e  loadings  indicated  I  fia  t  l  tie  g  r  i  tide  i  pump  units  v  i  II  operate 
sill  I  os:,  f  u  I  I  y  at  the  high  pressure  rating  as  reported  hr  the  American 


Slot'.'  of  t '  1  \  I  I  I.  II  g  I  1 1 1  •  e  i 


I  i  I  1 1  staff. 


''••nine  of  elimination  of  infiltration,  t  fie  average  com  en  t  i.i  t  i  oil  ol  po  ' 
1 1 '  -i'll  in  the  p  i  .  s  s  1 1 1  e  sever  system  was  flit)  pe  r  r  <  ■  n  I  g  i  .  -  a  !  e  i'  than  in 

; :  .  s  ■■■>  •  !  •  nr  I  In  •  i  •  I  i  .  ,  in.-  d  i  I  I  e  rein  e  in  tin-  st  length  el  the 

1  '  :  . .  •  1  a  .train  must  he  taken  in!.,  aiee.imt  in  designing  tnat- 

'  o  1  I  e  !  !  I  t  i  >"■  |or  t  lie  pressure  sv  ,  t  fill  . 


19.  "Pii'ssii!  c-  Sewer  llciiu  .  i  s  l  i  .1 1  i  mi  .it  the  Borough  of  I’hoen  i  XV  i  1  I  e , 
I’ennsy  1  van  i  a  , "  l>\  (I.  “ioKosh  .mil  I).  K.uiuis.  l!  .  S.  Knv  i  roiuiieula  l  Frotec- 
t  ion  Afji'iirv  ,  keporl  No.  I  I ’A  -  k3  -  /  1 -3  ■' 0  .  I 4  /  5 . 

A  site  in  ;  In*  Borough  of  I'lioen  i  xv  i  I  I  e  ,  Fa .  .  was  so  I  ei  t  ed  for  a  pressure 
sever  iloiiions  t  r.i  t  i  mi  .  I  he  projeil  proved  over  a  six-month  period  that  a 
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eter  plaslie  pipe  to  an  existing  convent  ioua I  gravity  sewer.  Data  col- 
letted  and  information  are  provided  concerning  the  installation,  opera¬ 
tion,  and  maintenance  id  the  system;  its  technical  performance;  prob¬ 
lems  encountered;  and  t he  cha rut  ter  i  s t i cs  of  the  wastewater  as  delivered 
to  the  existing  gravity  sewer.  Appendix  A  of  the  paper  includes  opera¬ 
tion  and  iiia  i  nl  eti.  mi  e  information  and  system  start-up  criteria  for  the 
grinder  pump  storage  units. 

it).  "  I’ressu  re  Sewer  Design  f'roeedu  re ,  ”  hy  0 .  F.  Hendricks  and  R.  1.. 
Sanson.  Water  and  Sewage  Works ,  Vo!  130,  No.  11  p.  S3,  1973. 

A  design  example  lor  a  pressure  sever  system  that  pumps  septic  tank 
diluent  only  is  presented.  Kilty  gallons  per  capita  per  day  (gped) 
was  issuiiied  or  300  gal  per  household  per  day.  Based  upon  the  dimen¬ 
sions  of  an  800-gal  septic  tank,  a  30-gal  volume  per  inch  of  depth  ill 
tht'  tank  was  estimated.  Hue  aniiiiii'ia  ml  ly  available  pumping  unit  can 
hold  ipp rux i ma t e I y  a8  gal  at  a  SO- i  :i .  depth.  The  pumping  capacity  of 
this  unit  ranged  from  7  gpm  at  a  total  dynamic  head  (tdh)  of  42  ps i  to 
SO  gpm  at  a  tdh  of  10  ps 1 .  An  assumption  was  made  that  the  average 
pump  discharge  pressure  on  the  units  would  he  3!)  ps i  (80  ft  of  water) 
and  the  average  pumping  capacity  won  id  he  10  gpm.  A  water  demand 
tinvc  was  developed  tor  the  area.  From  t  li  i  s  curve  it  was  determined 
that  the  peak  water  use  lor  one  user  would  he  13  gpm.  Taking  10  gpm 
(average)  f  19  gpm  (peak)  eipials  o|  percent  of  the  water  demand.  The 
author  also  could  have  assumed  V1  percent  simultaneous  operation  of  the 
grindei  pump  units  to  determine  (low  in  the  pressure  system.  It  was 


therefore  determined  in  size  l  he  mains  based  upon  a  (low  of  70  percent 
of  l  lie  water  demand  curve. 

37.  "Pressure  Sewer  System  Design,"  by  I,.  J.  Flanigan.  Water  and  Sew¬ 
age  Works,  pp.  25-87,  Apr  30,  1979. 

A  review  of  the  literature  is  presented  on  the  methods  of  proper  selec¬ 
tion  of  values  of  parameters  affecting  the  operation  of  a  pressure  sewer 
system  and  guidelines  for  the  selection  of  pumps,  piping,  and  other  ap¬ 
purtenances  utilized  in  the  system.  Design  parameters  include  scouring 
velocity,  the  design  flow  rate,  and  frictional  resistance  (27  refs). 

(  1  rom  F.  1  1 

38.  "Pressure  Sewer  System  Manual  and  Engineering  Guide,"  Hydr-O-Mati c 
Pumps,  A  Division  of  Wylain,  Inc.,  Birmingham,  Ala.,  1978. 

This  manual  and  guide  is  for  use  in  the  design  of  pressure  sewer  systems 
employing  Hvdrogrind  grinder  pumps.  The  manual  includes:  pressure 
sewer  upp  I  i  ca  t.  i  on ,  system  concept  and  design  considerations,  system  de¬ 
sign  procedures,  pumps  and  appurtenances,  flowcharts,  system  layouts, 
diagrams  of  equipment,  suggested  design  flow,  pump  selection,  perfor¬ 
mance  curves,  and  system  specifications. 

39.  "Pressure  Sewer  Systems  Gain  New  Popularity,"  Water  and  Sewage 
Works,  pp.  84-87,  Feb  1975. 

The  article  discusses  advantages  and  disadvantages  of  pressure  sewer 
systems.  System  design  considerations,  cost  comparison,  and  operation 
and  maintenance  are  also  discussed.  A  major  advantage  of  a  pressure 
sewet  system  is  quick  installation.  A  major  disadvantage  is  that  the 
pumping  units  are  subject  to  mechanical  failure.  The  author  sees  pres¬ 
sure  sewers  as  a  viable  alternative  to  conventional  sewer  systems. 

40.  "Pressure  Sewers,"  bv  W.  C.  Bowne.  Prepared  for  Environmental 


Research  Information  Center,  U.  S.  Knv 1 romnenta  1  Protection  Agency, 
Cincinnati,  <  'ii  i  o  ,  J  u  1  1979. 

A  thorough  discussion  of  pressure  sewer  system  basics  is  presented. 
Piping  materials  and  pumps  in  current  use  are  discussed.  Pumps  em¬ 
ployed  are:  solids  handling  pump  (Sfl),  grinder  pump  (CP),  and  septic 
tank  and  ef fluent  pump  (STEP).  A  discussion  ol  each  pump  is  presented. 
Information  on  installation,  damage-  prevention,  maintenance  and  repair, 
air  release*  valves,  (lows,  cleansing  velocity,  electrical  consider¬ 
ations,  design  features,  septic  tanks,  operation  and  maintenance,  and 
cost  is  presented.  Also,  information  is  given  on  semipositive  displace¬ 
ment  pumps  and  centrifugal  pumps.  bse  of  existing  septic  tanks  is  dis¬ 
cussed  (when  using  the  septic  tank  and  effluent  pressure  system).  Ease¬ 
ments,  reipii rcments  ol  the  engineer,  and  environmental  aspects  are 
inc  1  tided . 

41.  "Pressure  Sewers,"  by  I.  C.  Carcich.  U.  S.  Environmental  Protec¬ 
tion  Agency,  Report  No.  El’A-6 7 0/ 2- 7 3-0 7 7  ,  pp .  65-87,  Nov  1973. 

The  pressure  sewer  concept  deals  with  a  wastewater  collection  system 
that  utilizes  a  newly  developed  grinder  pump  unit  and  small  diameter 
plastic:  or  metallic  piping  systems.  Results  ol  a  13-month  study  under¬ 
taken  to  evaluate  the  Junctional  specifications  of  the  pumping  units  and 
to  gain  operating  experience  on  the  mechanical  performance,  use  pattern, 
operating  cost,  and  maintenance  requirements  of  said  units  are  reported. 
A  description  of  the  grinder  pump  unit  and  the  test  results  are  given. 
Results  indicated  that  plastic  pipes  and  fittings  functioned  well  for 
the  duration  of  the  demonstration  project.  The  report  recommends  that 
pressure  sewer  systems  be  considered  as  available  engineering  technol¬ 
ogy  for  use  where  applicable  (6  refs).  (from  WRA) 

42.  "Pressure  Tubing  Field  Investigation,"  by  I,.  S.  Tucker.  ASCF. 

Report  No.  TM-r> ,  NT  1 S  PB-1K6011,  1967. 

This  technical  memorandum  covers  that  portion  of  Task  7  concerning 


lulling  I  i e  I  <1- 1  r  i  a 1  installations.  Task  7  relates  to  spec  i  a  l  field-trial 
installations  of  lulling  and  eondiii  tr  for  t  fie  purpose  of  determining  the 
nature  and  extent  of  practical  difficulties  that  might  he  encountered  in 
passing  various  tubing  through  a  building  sewer,  in  suspending  or  other¬ 
wise  attaching  a  pressure  conduit  in  the  street  sewer,  and  in  making 
t uh i ng- t o-condu i L  connections.  (from  BSWF) 

4a.  "Pressurized  Air  Simplifies  Conveying  Sewage  Solids,"  by  C.  T. 
Blanchard.  Water  and  Sewage  Works,  Vol  123,  No.  11,  pp .  78-79,  1976. 

A  ilisi  iissmii  of  the  CPC  Pneumatic  Kjector  System  is  presented.  The 
ejection  system  can  he  utilized  to  pneumatically  convey  grit,  screen¬ 
ings,  and  sludge  safely,  in  totally  enclosed  pipelines,  in  any  direc¬ 
tion.  A  complete  desiription  with  diagrams  on  how  the  pneumatic  ejec¬ 
tors  operate  is  included. 

44.  "Pressurized  Sewer  Collec'  ion  Systems,"  hy  .J .  J.ockmnn.  PB-216  166, 
Illinois  Institute  for  Kuvir011111ent.il  Quality,  Chicago,  Contract  Report, 
Nov  1972. 

The  grinder  piimp/pressur i zed  collection  systems  have  different  charac¬ 
teristics  than  a  conventional  gravity  sewage  system.  For  example,  the 
wastewater  is  stored  at  the  home  site  and  then  discharged  at  a  uniform 
rate  at  some  future  time  not  necessarily  related  to  consumptions  of  the 
water;  consequently,  sewage  discharge  is  not  as  directly  related  to 
water  consumption  as  it  is  in  a  gravity  sewage  collection  system.  Also, 
being  in  .1  pressurized  system,  infiltration  is  not  encountered;  there¬ 
fore,  the  total  volume'  of  water  delivered  to  a  sewage  treatment  plant 
is  considerably  less.  The  commercial  grinder  pump  package  unit  gener¬ 
ally  consists  ol  a  grinder,  pump,  shut-off  valve',  check  valve,  electri¬ 
cal  controls,  fiberglass  or  steel  housing,  and  accessories  to  make  the 
unit  completely  operable  with  only  the  electrical  power  connections  and 
sewer  inlet-outlet  connect  1 ons  reepi  1  red  for  field  installations.  The 
cost  lor  the  package  unit  with  installation  is  between  $1000  and  $1100, 
depending  on  the  maim  t ac t n re r  selected  and  whether  an  indoor  o r  outdoor 
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location  is  used.  Monthly  operational  cost  of  .1  ptinip  grind er  uni  L  is 
minimal  and  consists  primarily  of  the  tost  of  electricity  (11  refs). 

(from  WRA ) 

45.  "Pressurized  Sewer  Systems:  Regulatory  Agency's  Viewpoint,"  by 
David  M.  Cochran.  Presented  at  the  Water  Pollution  Control  Federation 
Conference,  Denver,  Colo.,  Oct  19/4. 

Criteria  needed  to  consider  alternate  technologies  in  Texas  are  discussed 
in  this  paper.  The  regulatory  agencv  or  reviewer  looks  for  sound  engi¬ 
neering  judgment  when  reviewing  proposals  for  sewer  systems .  For  ex¬ 
ample,  is  the  terrain  in  a  proposed  sewer  system  area  so  rocky  or  undu¬ 
lating  that  the  cost  of  a  gravity  sewer  would  he  prohibitive?  In  that 
case,  a  pressure  sewer  system  or  others  should  he  considered.  Levels 
of  approvals  for  projects  are  discussed.  Unconditional  approvals  are 
bestowed  upon  Lime-tested  methods  generally  accepted  throughout  the 
wastewater  field.  Conditional  approvals  are  usually  reserved  for  de¬ 
signs  that  deviate  from  the  normal  practice.  The  regulatory  agency 
looks  for  sound  engineering  judgment  < * t  economic  justification  when  re¬ 
viewing  designs  that  deviate  from  standard  criteria. 

46.  "Pressurized  Waste  Water  Collection,"  by  K.  J .  Bowles.  Presented 
at  the  Water  Pollution  Control  Federation  Conference,  Atlanta,  Ga .  , 

1972. 

This  1972  paper  discusses  the  history  and  character  of  wastewater  col¬ 
lection.  It  is  stated  that  the  major  cost  of  any  waste  disposal  system 
is  related,  not  to  treatment,  hut  to  collection.  The  paper  also  dis¬ 
cusses  the  basics  of  pressure  sewer  systems  and  some  systems  that  had 
been  installed  in  Texas. 

47.  "Protecting  Water  Supplies  Through  Sewerless  Sanitation,"  by  H.  H. 
Leich.  F.kistics,  Vo  I  43,  No.  254,  pp.  22-27,  1977. 

Conventional  sewage  disposal  has  treated  numerous  problems.  Aerobic 
tanks,  biological  tanks,  composting  toilets,  incinerating  toilets,  oil 


•  1  iisIkmI  toilets,  and  pressure  or  vacuum  toilets  are  described  as  alter¬ 
natives  to  conventional  sewer  systems.  (from  BSWF) 


48.  "Relationship  of  Sewage  Character! st ics  to  Carrying  Velocity  for 
Pressure  Sewers,"  by  M.  Floyd  Hobbs.  l’B-185  991,  ASCE  Combined  Sewer 
Separation  Project,  FHC  Corp.  Report  No.  R-2598,  Aug  1967. 

Minimum  < urrying  velocities  tor  solid  phase  wastewater  in  smooth  plastic 
4,  8,  4,  (>  in.,  etc.,  pressure  pipes  were  measured  using  comminuted  and 
um omm i no t ed  raw  sewage.  The  minimum  velocity  for  scouring  and  the  max¬ 
imum  velocity  tor  depositing  were  essentially  the  same.  Velocities  ap¬ 
peared  to  be  independent  of:  the  concentration  magnitudes  of  suspended 
solids,  the  sand  i oncent ra t i on ,  and  the  size  distribution  of  suspended 
matter  and  sand  for  the  sewage  studied.  (from  WKA) 

49.  "Report  on  the  Performance  of  Grinder  Pump  Model  Farrell  210," 
Report  No.  C-9-8,  National  Sanitation  Foundation  Testing  Laboratory, 

Ann  Arbor,  Mich.,  Sep  1971. 

Performance  report  of  grinder  pump  includes:  basic  criteria,  charts, 
diagrams,  evaluation,  raw  waste  characteristics,  characteristic  curves 
(total  dynamic  head),  test  data,  specifications,  and  design  data.  Some 
conclusions  were:  materials  were  durable  and  structurally  sound;  com¬ 
ponent  parts  (subject  to  malfunction  or  wear)  were  accessible;  and  no 
structural  weaknesses  were  detected.  The  Grinder  Pump  Model  Farrell  210 
is  capable  of  performing  its  design  function  under  expected  conditions 
o t  app 1 i ca t i on . 

r>0.  "Rural  Waste's:  Ideas  Needed,"  by  C.  W.  Rose.  Water  and  Wastes 
Engineering,  Vol  9,  No.  2,  pp.  46-47,  1972. 

The  need  for  alternative  collection  and  disposal  systems  for  rural  areas 
is  discussed.  Pressurized,  small  diameter  mains,  and  solids  size  reduc¬ 
tion  arc  seen  as  viable  solutions  toward  obtaining  a  low-cost,  depend¬ 
able  system  for  rural  waste  management.  (from  BSWF) 
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51.  "Selecting  Sewerage1  Systems  to  Fit  Site  Conditions  and  Budget,”  by 
David  E.  Johnson.  National  Association  of  Home  Builders,  Washington, 

D.  C.,  Civil  Engineer ing-ASCE ,  Vol  48,  No.  9,  p.  90,  Sep  1978. 

Several  alternative  sower  systems  have  been  developed  in  response  to 
needs  in  rural  and  poor  communities.  Pressure  sewer  systems,  vacuum 
sewer  systems,  individual  home  aerobic  units,  mound  systems,  and  evapo- 
transpi rat  ion  systems  are  discussed  and  diagrammed.  The  need  and  inci¬ 
dence  of  sewer  moratoriums  are  examined,  and  the  effects  on  housing  are 
described.  (from  F.  1 ) 

52.  "State  Park  Gets  Good  Treatment,"  by  F.  A.  Jay  and  J.  L.  Kroesche. 
Water  and  Wastes  Engineering,  Vol  13,  No.  11,  pp.  65-66,  71,  1976. 

Pressurized  collection  networks  with  variable  capacity  extended-aeration 
tanks  and  an  effluent  irrigation  system  were  used  to  combat  problems  en¬ 
gendered  by  topography,  soil,  and  effluent  quality  limits  at  Inks  Lake 
State  Park,  Tex.  Seasonal  flow  variations  of  3,000  to  70,000  gal/day 
dictated  the  use  of  a  flexible  extended-aeration  plant.  The  selection 
of  the  design  criteria  is  discussed.  (from  BSWF) 

53.  "Status  of  Pressure  Sewer  Technology,”  by  James  F.  Kriessl .  U.  S. 
Environmental  Protection  Agency,  Cincinnati,  Ohio.  EPA  Technology 
Transfer  Report,  Mar  7,  1977. 

Pressure  sewer  systems  are  a  viable  alternative  technology  and  should  be 
considered  in  any  cost-effective  analysis  of  alternative  wastewater  man¬ 
agement  systems  in  rural  communities.  Pressure  sewers  offer  many  advan¬ 
tages  in  areas  where  population  density  is  low,  severe  rock  conditions 
exist,  high  groundwater  or  unstable  soils  prevail,  or  undulating  ter¬ 
rain  predominates.  The  most  serious  impediment  to  wider  pressure  sewer 
technology  adoption  is  the  lack  of  comprehensive  long-term  operation  and 
maintenance  data  and  treatment  information.  The  two  types  of  pressure 
sewer  system  designs,  grinder  pump  systems  and  septic  tank  effluent 
pumping  systems,  are  detailed  (55  ref,  3  diagrams,  13  drawings, 
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graphs,  1  map,  7  tables).  A  simplified  design  example  is  also  included. 
( t  rom  NT  I S ) 

Vacuum  systems 

1.  "Alternatives  lor  Small  Wastewater  Treatment  Systems:  Pressure 
Sewers/Vacuums  Sewers,"  by  J.  Kriessl,  1.  A.  Cooper,  and  J.  W.  Rezek. 

U.  S.  Env i ronmenta 1  Protection  Agency  Technology  Transfer  Seminar, 

Report  No.  KPA-62S/A- 77-0 1  1  .  'lit  )f>77. 

The  P.  S.  Environmental  Protection  Agency  Technology  Transfer  Report  in¬ 
cludes  background  information,  descriptions,  case  studies,  construction 
considerations,  costs,  and  information  on  operation  and  maintenance  of 
pressure  and  vacuum  sewers.  A  design  example  for  a  vacuum  system  is 
presented  in  Appendix  It.  bower  capital  costs  and  significantly  shorter 
construction  times  are  inherent  in  pressure  sewer  systems,  as  compared 
to  conventional  methods.  But,  pressure  sewers  should  only  be  considered 
with  properly  conceived  management  arrangements  (i.e.  maintenance  of 
g r curie r  pump  units). 

Vacuum  sewer  systems  offer  lower  construction  costs,  decreased 
i nf i 1 1 ra t i on/ j nf 1 ow  ,  reduced  water  consumption  with  use  of  vacuum  toi¬ 
lets,  and  ease  of  installation.  But,  the  complexity  of  vacuum  equipment 
requires  operating  personnel  to  he  properly  trained  to  maintain  a  vacuum 
sewer  system.  Procedures  to  follow  in  the  event  of  a  breakdown  in  a 
vacuum  system  are  also  included  ill  the  report. 

2.  "Characteristics  of  Vacuum  Wastewater  Transfer  Systems,"  by  E.  P. 
Skillman.  Presented  at  the  American  Society  of  Mechanical  Engineers, 
Publication  76-ENAs-4.1,  New  York,  N.  Y.,  Apr  1977. 

An  experimental  vacuum  wastewater  col  I ect i on/transport  system  was  built 
and  tested  at  Naval  Air  Station,  Point  Mugu,  Calif.  The  paper  describes 
the  characteristics  of  a  vacuum  system.  The  small  system  tested  in¬ 
cluded  a  1000-gal  tank  lor  shower,  laundry,  etc.;  three  vacuum  toilets; 
three  mini-flush  gravity  toilets  discharging  into  a  TiS-gal  gravity  in¬ 
terface  tank;  and  three  independent  transport  mains  1100  ft  long.  The 
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vacuum  transport  mains  were  installed  aboveground  and  considerable  cost 
savings  resulted.  The  tests  carried  out  indicated  that  high  air  to 
water  ratios  produced  a  measurable  drop  in  transport  efficiency. 

3.  "Cost-Effectiveness  of  On-Site  and  Community  Sewerage  Alternatives, 
by  J .  J.  Troyan  et  al.  Civil  Engineering,  Vol  47,  No.  12,  pp .  84-89, 
1977. 

Outlines  a  procedure  for  assessing  the  cost-effectiveness  of  wastewater 
treatment  alternatives.  Advantages,  disadvantages,  limitations,  and 
cost  factors  for  evaluating  conventional  gravity  sewers,  small  diameter 
gravity  sewers,  pressure  sewers,  and  vacuum  sewers  are  described.  (froi 
BSWF) 

4.  "Demonstrating  the  Feasibility  of  Vacuum  and  Pressure  Sewers,"  by 
L.  K.  Clark  and  J.  E.  Eblen.  Public  Works,  Vol  108,  No.  4,  pp.  81-84, 
Apr  1977. 

Vacuum  and  pressure  systems  were  utilized  in  a  collection  system  con¬ 
structed  in  Bend,  Oreg.  Specific  information  about  the  pumps  used  and 
the  type  and  amount  of  excavation  is  presented.  Depth  of  burial  for 
pressure  and  vacuum  systems  is  governed  only  by  frost  depth  or  surface 
loading  conditions.  The  author  gives  a  cost  of  the  vacuum  system  as 
$9. 75/ft.  This  figure  is  nearly  twice  the  $5/lin  ft  for  pressure 
sewers.  The  author  mentions  that  "relays  to  signal  the  operation  of 
the  individual  vacuum  release  valves  have  not  performed  satisfactorily 
to  date  and  must  be  changed."  Also,  the  draining  of  the  condensate 
from  the  vacuum  pumps  had  taken  more  operator  time  than  any  other  item, 
about  half  an  hour  daily,  but  changes  were  being  effected.  Operator 
time  was  largely  devoted  to  adjusting  the  sensor  system  for  the  vacuum 
valve  operation  and  getting  the  signal  system  to  report  events  to  the 
vacuum  station.  The  author  offers  no  operation  and  maintenance  informa 
tion  on  pressure  sewers. 

5.  "Envi r-O-Pak :  Water  and  Wastewater  Equipment,  Sales  and  Design 
Manual,"  Willow  Grove,  Pa. 
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Includes  figures,  charts,  drawings,  and  specifications.  Recycle  and 
vacuum  collection  systems,  pressure  sewer  systems,  etc.,  are  discussed. 
Innovative  alternative  systems  are  stressed.  Basic  wastewater  data 
supp 1 ied . 

6.  "Matthews,  Virginia  (O&M  Costs),"  Case  Studies,  AJRVAC,  Rochester, 

I  nd . 

A  vacuum  sewer  system  was  installed  in  Matthews,  Va . ,  in  1975.  The 
groundwater  table  is  high  in  Matthews.  During  construction  of  the  sys¬ 
tem,  controllers  and  sensors  were  inadvertently  flooded.  All  valve  pits 
had  to  be  modified  to  breathe  above  the  maximum  anticipated  flood  level 
to  eliminate  this  problem.  On  one  occasion  a  solenoid  valve  malfunc¬ 
tioned  and  the  sewage  was  drawn  by  one  vacuum  station  a  length  of  6250 
ft.  Bids  for  a  conventional  gravity  system  and  vacuum  system  were 
$650,000  and  $350,000,  respectively.  During  1975,  1976,  and  1977,  data 
were  collected  on  the  cost  of  power  for  the  vacuum  stations.  Vacuum 
station  power  costs  ranged  from  $38. 60/month  to  $  1 78 . 20/month .  Vacuum 
station  power  costs  per  day  ranged  from  $1.15  to  $3.08.  No  maintenance 
costs  were  supplied.  No  infiltration  occurs  wi tli  vacuum  systems,  and 
Matthews  averaged  a  flow  of  30,000  gal/day.  The  author  states  that  one 
full-time  employee  can  handle  the  entire  system. 

7.  "Pressure  and  Vacuum  Sewer  Demonstration  Project  -  Bend,  Oregon," 
by  .Jessie  E.  Eblen  and  Lloyd  K.  Clark.  1).  S.  Environmental  Protection 
Agency,  Report  No.  EPA-600/2-78- 1 66 ,  Sep  1978. 

A  pressure  sewer  system  collecting  domestic  septic  tank  effluent  and  a 
vacuum  system  collecting  raw  domestic  sewage  were  constructed  in  the 
city  of  Bend,  Oreg.  The  systems  were  operated  and  monitored  for  one 
year.  Inform.it  ion  presented  for  the  project  includes:  construction 
costs,  comparison  costs,  operation  and  maintenance,  wastewater  volumes, 
water  use,  energy  consumption,  and  chemical  characteristics.  Table  19 
of  tlie  study  shows  results  of  gravity,  pressure,  and  vacuum  sewer 


systems . 


8.  "Protecting  Water  Supplies  Through  Sewerless  Sanitation,"  by  H.  H. 
Leich.  Ekistics,  Vol  43 ,  No.  254,  pp .  22-27,  1977. 

Conventional  sewage  disposal  has  created  numerous  problems.  Aerobic 
tanks,  biological  tanks,  composting  toilets,  incinerating  toilets,  oil 
flushed  toilets,  and  pressure  or  vacuum  toilets  are  described  as  alter¬ 
natives  to  conventional  sewer  systems.  (from  BSWF J 

9.  "Selecting  Sewerage  Systems  to  Fit  Site  Conditions  and  Budget,"  by 
David  E.  Johnson.  National  Association  of  Home  Builders,  Washington, 

D.  C.,  Civil  Engineer i ng-ASCE ,  Vol  48,  No.  9,  p.  90,  Sep  1978. 

Several  alternative  sewer  systems  have  been  developed  in  response  to 
needs  in  rural  and  poor  communities.  Pressure  sewer  systems,  vacuum 
sewer  systems,  individual  home  aerobic  units,  mound  systems,  and  evapo- 
transpi ration  systems  are  discussed  and  diagrammed.  The  need  and  inci¬ 
dence  of  sewer  moratoriums  are  examined,  and  the  effects  on  housing  are 
described.  (from  El) 

10.  "System  lor  Transporting  Wastewater  by  Vacuum,"  by  M.  A.  Boogay  and 
V.  I.  Crawford.  NTIS  Report  No.  AD-D004  3771  8ST,  1977. 

An  apparatus  is  provided  for  re-forming  wastewater  slugs  in  a  vacuum 
transport  disposal  system.  The  apparatus  comprises  a  container  inter¬ 
posed  into  the  wastewater  transport  tube  of  the  disposal  system  and  hav¬ 
ing  a  single  inlet  and  two  outlets.  (from  BSWF) 

11.  "System  Study,  Vacuum  Sewage  Collection,"  Hittman  Associates, 

Inc.,  Columbia,  Mil.,  NTIS  Report  No.  AD-744  339,  Final  Report  No. 
HIT-510,  Dec  1971. 

Gravity  sewer  systems  and  vacuum  sewer  systems  for  use  in  Navy  advance 
bases  were  compared  for  effectiveness  and  cost.  A  vacuum  system  using 
low  flush  water  toilets  and  vacuum  transport  of  the  combined  wastes  was 
selected  for  evaluation.  The  effectiveness  of  both  gravity  and  vacuum 
sewer  systems  was  evaluated  on  the  basis  of  (a)  system  reliability, 
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(b)  operational  requirements,  (c)  maintenance  requirements,  (d)  instal¬ 
lation  requirements,  (e)  ease  of  repair,  (f)  terrain  conditions,  (g) 
susceptibility  to  attack,  (h)  size  and  weight,  and  (i)  space  require¬ 
ments.  Cost  estimates  were  also  prepared  for  both  systems.  It  was  con 
eluded  that  vacuum  sewer  systems  offered  improved  design  flexibility 
under  adverse  site  and  construction  conditions.  (from  WRA) 

12.  "Vacuum  Sewer  Systems  and  Their  Possible  Canadian  Applications," 
by  D.  W.  Averill  and  G.  W.  Heinke.  Canadian  Journal  of  Civil  Engineer¬ 
ing,  Vol  1,  No.  1,  pp.  50-61,  Sep  1974. 

The  basic  principles  of  vacuum  sewer  systems  are  reviewed  and  their  in¬ 
troduction  to  Canada  is  described.  A  vacuum  sewer  uses  air  pressure 
instead  of  gravity  as  the  driving  force  for  wastewater  transport. 
Wastewater  is  moved  in  plugs  separated  by  air  gaps  at  high  velocities 
through  small  diameter  pipes.  The  pressure  differential  of  about  one- 
half  atmosphere  is  created  by  a  central  vacuum  pump.  Specially  de¬ 
signed  vacuum  toilets,  valves,  and  a  central  collection  tank  complete 
the  system.  Discussed  are  vacuum  transport  theory  and  design  practices 
including  flow  theory  and  friction  loss  by  a  homogeneous  model.  The 
advantages  of  a  vacuum  sewer  system  over  a  conventional  gravity  system 
are  its  ability  to  transport  wastewater  horizontally  and  to  a  certain 
extent  upgrade,  its  much  lower  water  usage,  and  its  lower  capital  cost. 
However,  the  length  capacity  and  lift  potential  of  vacuum  sewers  are 
limited  by  the  available  pressure  differentia],  which  precludes  their 
use  in  many  cases.  There  appears  to  be  considerable  potential  for 
their  application  in  Canada,  particularly  in  remote  locations  such  as 
cottage  areas  and  in  the  Arctic.  (from  WRA) 

13.  "Vacuum  Sewage  Transport  and  Collection,"  by  G.  P.  Janicek  and  M. 
E.  Simpson.  Pollution  Engineering,  Vol  5,  No.  9,  pp .  76-79,  1973. 

The  physical  and  economic  requirements  of  vacuum  sewage  collection  sys¬ 
tems  and  some  of  their  component  design  details  are  discussed.  Con¬ 
struction,  maintenance,  operation  costs,  and  personnel  requirements  of 
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pressure/vacuum  systems  are  compared  to  traditional  sewer  systems. 

(from  BSWF ) 

14.  "Vacuum  Sewerage  System  Design  Manual,"  by  AIRVAC.  Rochester,  Ind., 
1978.  Also  Design  Drawings. 

Included  in  the  Vacuum  Sewage  System  Design  Manual:  (1)  general  de¬ 
scription  and  history  ot  vacuum  sewage;  (2)  general  features  of  the 
AIRVAC  System;  (31  technical  design  data  with  design  example;  (4)  appli¬ 
cations  to  marinas;  (5)  cost-effective  applications;  (6)  system  opera¬ 
tion  and  maintenance;  (7)  friction  loss  charts  for  PVC  charts;  (8)  in¬ 
stallation;  (9)  training;  (10)  equipment  specifications  and  services 
available;  (11)  AIRVAC  demonstration  facility  and  valve  warranty;  and 
(12)  figures,  diagrams,  and  charts. 

Lift  stations 

1.  "Analysis  of  Economic  Sewage  Lifl  Station  Design,"  by  0.  Smolik. 

Water  and  Sewage  Works,  Ref.  Issue,  pp.  58-62,  Apr  1977. 

A  procedure  for  the  economical  design  of  a  sewage  lift  station  was  pre¬ 
sented.  The  objective  was  to  determine  a  standard  type  or  size  of  sta¬ 
tion  and  a  standard  control  for  specific  magnitudes  of  inflow.  Design 
problems  included  wet  well  size  and  the  capacity  and  number  of  pumps  for 
a  given  sewage  inflow.  Equations  were  included  which  could  aid  the  de¬ 
termination  of  relationships  between  well  size,  pump  efficiency,  and 
sewage  inflow.  Other  equations  were  designed  to  specify  inflow  at  a 
station  with  no  flowmeter.  Use  of  these  steps  was  expected  to  reduce 
costs  at  the  design  stage  and  to  increase  efficiency  of  the  system. 

(  f  rom  WRA ) 

2.  "Considerations  for  Electrical  Design  in  Sewage  Lift  Stations,"  by 
L.  M.  Applegate.  Public  Works,  Vol  107,  No.  12,  pp .  59-60,  Dec  1976. 

The  article  discusses  sewage  lift  stations  built  by  Oroville  (California) 
Sewage  Commission.  These  stations  utilize  variable  frequency  drive 
pumps  to  solve  the  problem  of  on-off  operation  of  pumps. 


1-  "Design  Proposals  for  Submersible  Sewage  Lift  Stations,"  by  H.  G. 
Kelly.  Water  and  Sewage  Works,  Ref.  Issue,  pp.  76-90,  Apr  1977. 

Designs  are  presented  for  submersible  sewage  lift  stations.  Design  fac¬ 
tors  considered  were  construction  materials,  sizing,  pump  types,  power 
and  controls,  hydraulic  conditions,  operation  and  maintenance  needs,  and 
costs.  Practical  design  can  be  achieved  for  flows  less  than  1500  gpm. 
Centrifugal  pumps  are  generally  used,  but  progressive  cavity  pumps  and 
pneumatic  ejectors  have  been  used  in  low  flow-high  head  applications. 
Concrete,  fiberglass,  or  a  protected  metal  are  the  usual  construction 
materials,  depending  upon  specific  site,  design,  and  construction  con¬ 
siderations.  A  friction  loss  equation  should  be  derived  before  the  se¬ 
lection  of  system  components,  and  the  system  head  curve  should  reflect 
its  optimum  solution.  System  hardware  should  be  selected  for  ease  of 
installation,  operation,  maintenance,  cleaning,  and  repair.  Numerous 
figures  and  graphs  are  included.  Costs  for  grinder  pumps  and  lift  sta¬ 
tions  are  presented.  Operation  and  maintenance  costs  in  1975  dollars 
are  also  included  (18  refs).  (from  WRA) 

A.  "Lift  Station  Designed  to  Use  Old  and  New  Concepts,"  by  R.  E. 
Wallace.  Public  Works,  pp .  88-90,  Sep  1974. 

The  author  discusses  lift  station  design  and  maintenance.  Desirable 
features  of  lift  stations  are  reliability  and  ease  of  installation.  The 
author  states  that  during  most  of  the  last  decade  lift  station  repairs 
consisted  of  refurbishing  the  old  vertical  mounted  flexible  shaft  pump 
and  motor  stations  to  new  design  capacities  and  installing  new  small 
stations  with  close-coupled  pumps  and  motors  in  outlying  areas.  The 
most  satisfactory  station  for  installation  in  outlying  areas  has  been 
the  factory-built,  underground  dry  pit  station  using  close-coupled 
pumps  and  motors  with  positive  suction  head.  For  flows  less  than  100 
gpm,  pneumatic  ejectors  have  given  good  service.  The  factory-built  and 
factory-tested  stations  seem  to  eliminate  at  least  75  percent  of  the 
construction  problems  that,  when  improperly  solved,  become  operational 
problems.  With  small  factory-built  stations,  50  to  500  gpm,  and  the 
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availability  of  replacement  parts,  the  author  has  not  been  overly  con¬ 
cerned  wiLh  station  flooding  due  to  an  internal  break. 

5.  "Operating  Small  Water  and  Sewer  Systems,"  by  Warren  H.  Milliard. 
Water  and  Sewage  Works,  pp .  60-63,  Feb  1975. 

The  authors  stress  the  importance  of  routine  maintenance,  checklists, 
and  record  keeping.  A  checklist  for  lift  stations  is  included,  along 
with  the  recommendation  that  lift  stations  he  inspected  every  other  day. 
Emergency  plans  should  be  provided  in  the  event  of  equipment  or  system 
fai lure . 

6.  "Submersible  Lift  Stations  Cut  Pump  Maintenance  Costs,"  Water  and 
Sewage  Works,  Vol  122,  No.  8,  pp.  64-65,  Aug  1975. 

Problems  with  shaft-driven  pumps  and  pneumatic  ejector  type  pumps  in 
Foster  City,  Calif.,  led  to  replacement  with  submersible  type  lift  sta¬ 
tions.  Saltwater,  dampness,  and  sand  caused  failures  of  the  shaft- 
driven  and  pneumatic  ejector  pumps.  Twenty-four  of  the  lift  stations 
have  been  equipped  with  submersible  pumps  (out  of  34).  Total  expendi¬ 
tures  for  Foster  City  for  parts  during  1971-1975  totalled  only  $933. 

All  personnel  involved  with  the  lift  stations  have  attended  technical 
clinics  and  are  able  to  dismantle  and  reassemble  submersible  pumps  pro¬ 
ficiently.  As  part  of  a  semiannual  inspection-maintenance  program, 
pumps  are  washed,  then  sandblasted  to  bare  metal.  After  inspection  and 
repair,  exterior  surfaces  are  coated  with  bitumastic  epoxy  to  protect 
metal  surfaces  against  corrosive  wastewater.  A  125-kw,  trailer-mounted 
generator  unit  (capable  of  operating  any  lift  station  in  the  system)  is 
available  to  handle  power  failure  problems  in  an  emergency.  If  many 
stations  are  involved  in  a  power  failure,  the  emergency  generator  is 
moved  from  station  to  station  (starting  with  the  largest)  until  power 
has  been  restored. 

Genera  1 

I.  "Better  Water  Resources  Through  Sewerless  Sanitation,"  by  H.  H. 
I.eicb.  Water  Resources  Bulletin,  Vo]  13,  No.  2,  pp .  401-407,  1977. 


General  discussion  of  alternative,  onsite  waste  disposal  svstems  now 
available  or  under  development.  Aerobic  treatment  units,  recycling, 
composting,  incinerating,  and  closed-loop  toilets,  as  well  as  pressure 
systems,  are  briefly  decribed.  (from  BSWF) 

2.  "Collection  Systems,"  Public  Works  Manual  and  Catalog  File,  Public 
Works  Journal  Corp.,  Ridgewood,  N.  J.,  pp.  D.2-D.8,  1977. 


The  article  discusses  the  piping  system  used  to  transport  wastewater. 
Manufacturer's  specifications,  testing,  installation,  and  lining  mate¬ 
rials  are  presented  for  various  pipes.  Pumps,  gates,  valves,  lift  sta¬ 
tions,  etc.,  are  also  discussed.  Types  of  thermoplastic  pipe  employed 
for  sewer  systems  are  PVC  (polyvinyl  chloride),  ABS  (acrylonitrile 
butadiene-styrene),  PE  (polyethy lene) ,  and  SR  (styrene  rubber).  Manu¬ 
facturers  are  listed  in  Section  C-5.5  of  the  paper. 


3.  "Cost  to  the  Consumer  for  Collection  and  Treatment  of  Wastewater," 
by  Robert  Smith  and  Richard  G.  Filers.  Project  No.  17090,  Jul  1970. 
Available  from  the  Superintendent  of  Documents,  11.  S.  Government 
Printing  Office,  Washington,  D.  C.  20402.  EPA  Report  No.  17090-07/70. 
19  70. 

This  1970  II.  S.  Environmental  Protection  Agency  report  presents  national 
averages  per  capita  cost  for  collection  and  treatment  of  municipal 
wastewater.  The  status  of  collection  and  treatment  in  the  United  States 
is  discussed  and  estimates  are  made  of  needed  additional  expenditures. 
Cost  relationships  for  construction  and  operating  and  maintenance  are 
presented.  Sewer  maintenance  cost  data  are  also  presented.  Of  the 
cities  surveyed,  an  average  value  for  operation  and  maintenance  of  sew¬ 
ers  for  the  years  1967-1968  was  30.8C/ft. 


4.  "Cost-Effectiveness  of  Alternative  Sewage  Collection  Treatment  and 
Disposal  Systems  at  Recreational  Areas,"  by  Mesbah  V.  Ahmed,  Arun  G. 
Walvekar,  and  Kenneth  B.  Young.  Published  by  Institute  of  Electrical  and 
Electronic  Engineers  (Cat  n  78CH 1 4 1 3-9 ) ,  New  York,  N.Y.,  Vol  2,  pp .  439- 
449,  1978. 
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This  paper  develops  a  model  rh.it  selects  the  least  costly  combination 
of  collection,  treatment,  and  disposal  of  wastewater  at  recreational 
areas  fa  systems  approach). 

5.  "Cost-El  feet iveness  of  On-Site  and  Community  Sewerage  Alternatives,'’ 
by  J.  J.  Troyan  et  al.  Civil  Engineering,  Vol  47,  No.  12,  pp .  84-89, 
1977. 

Outlines  a  procedure  for  assessing  the  cost-effectiveness  of  wastewater 
treatment  alternatives.  Advantages,  disadvantages,  limitations,  and 
cost  factors  for  evaluating  conventional  gravity  sewers,  small  diameter 
gravity  sewers,  pressure  sewers,  and  vacuum  sewers  are  described.  (from 
BSWF) 

6.  "Cost-Minded  Community  Chooses  Small  Diameter  Gravity  System,"  by 
Robert  T.  Fey  and  Carl  C.  Crane.  Water  and  Sewage  Works,  pp .  58-61, 

Jun  1978. 

The  town  of  Weslboro,  Wise.,  installed  a  small  diameter  gravity  system 
in  their  community  in  1977.  The  system  contained  individual  septic 
tanks.  All  of  the  liquid  effluent  from  the  tanks  was  conveyed  via 
small  diameter  (1-1/2-  to  3- in.)  FVC  pipes  to  an  absorption  field.  The 
PV'C  pipe  was  ensured  a  tight  fit  by  the  use  of  0-rings  and  a  solvent 
joint .  During  heavy  rains  in  September  1977  no  fluctuation  in  normal 
flow  was  observed.  Immediately  before  the  absorption  field  siphoning 
chambers  are  used,  they  are  allowed  to  fill  with  effluent.  Discharge 
takes  place  when  approximately  9500  gal  is  present.  During  the  winter, 
the  absorption  field  can  be  drained  to  prevent  freezing.  The  author 
reports  that  the  system  is  operating  up  to  their  expectations. 

7.  "Evaluation  of  Wastewater  Treatment  Alternatives  for  Small  Communi¬ 
ties,"  National  Utility  Contractors  Association,  815  15th  Street,  N.W., 

// 838,  Washington,  D.C.,  1979. 

Process  descriptions,  advantages,  disadvantages,  restrictions  on  the 
process,  performance,  reliability,  and  cost  analyses  for  each  system 
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are  discussed  in  detail.  Conventional  gravity  sewer  systems,  when  fol¬ 
lowed  by  wastewater  treatment  ponds  or  package  plants,  were  found  to  be 
cost-effective  over  the  onsite  alternatives  applicable  to  small  communi¬ 
ties.  Capital  costs  for  the  systems  were  similar,  but  operation  and 
maintenance  costs  were  much  higher  for  alternative  systems.  (from  BSWF) 

8.  "Insuring  Trouble-Free  Pump  Operation,"  by  Arnold  LaFarge.  Water  and 
Sewage  Works,  p.  603,  May  1978. 

Trouble-free  pump  operation  combines  proper  design,  correct  application, 
correct  handling  of  equipment  on  the  job  site  prior  to  installation, 
installation  as  specified,  and  maintenance  according  to  manufacturer's 
directions.  A  pump  should  be  situated  on  a  firm  foundation.  A  pump 
which  has  been  "flooded  out"  must  be  dismantled,  the  bearings  cleaned, 
and  inspected  and  repacked  with  grease.  A  gate  valve  installed  after  a 
check  valve  can  be  used  to  isolate  a  pump  for  maintenance,  priming, 
starting,  and  stopping.  Keep  a  maintenance  record.  Allow  for  downtime 
of  the  pump.  The  author  includes  figures  and  discussions  of  setting 
pumps  up,  alignments,  pump  design,  and  piping  joints. 

9.  "Least  Cost  Method  for  Sewer  Design,"  by  Stephen  Walsh  and  I.infield  C. 
Brown.  Journal  of  the  Environmental  Engineering  Division,  pp.  333-345. 

Jun  1973. 

The  paper  presents  a  computerized  method  of  sewer  design.  Algorithms 
and  subroutines  used  are  discussed.  An  example  is  given. 

10.  "Onsite  Systems:  Farmers  Home  Administration,"  by  C.  W.  Rose.  In¬ 
dividual  Onsite  Wastewater  Systems,  Proceedings  of  the  Fourth  National 
Conference,  National  Sanitation  Foundation,  pp .  21-26,  1977. 

Describes  the  Farmers  Home  Administration's  involvement  in  planning 
waste  treatment  systems  through  financial  aid  to  farmers,  rural  fami¬ 
lies,  and  communities.  Also  presents  a  view  of  the  current  status  of 
onsite  treatment,  regional  planning  concepts,  pressure  sewer  systems, 
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and  Ten  State  St  arula  r<is ,  as  they  relate  to  Farmers  Home  Administration, 
(from  BSWF) 

11.  "Operating  Small  Water  and  Sewer  Systems,"  by  Warren  11.  Milliard. 
Water  and  Sewage  Works,  pp .  60-03,  Feb  1975. 

The  authors  stress  the  importance  ol  routine  maintenance,  checklists, 
and  record  keeping.  A  checklist  lor  lift  stations  is  included,  along 
with  the  recommendation  that  lift  stations  be  inspected  every  other 
day.  Emergency  plans  should  be  provided  in  the  event  of  equipment  or 
system  failure. 

12.  "Protecting  Watei  Supplies  Through  Sewerless  Sanitation,"  by  H.  H. 
Leich.  Eki  sties,  Vol  4;),  No.  254,  pp.  22-2  7,  1977. 

Conventional  sewage  disposal  has  created  numerous  problems.  Aerobic- 
tanks,  biological  tanks,  composting  toilets,  incinerating  toilets,  oil 
flushed  toilets,  and  pressure  or  vacuum  toilets  are  described  as  alter¬ 
natives  to  conventional  sewer  systems.  (from  BSWF,) 

13.  "A  Study  of  Highway  Rest  Area  Wastewater  Disposal,"  Public  Works, 
pp.  70-74,  Dec  1972. 

Problems,  design  criteria,  and  recommendations  for  handling  wastewater 
flows  from  rest  areas  in  Washington  State  are  presented.  Peak  flows  are 
developed  from  traffic  data  and  water  use  data.  Washington  State  has 
experienced  trouble  with  septic  tank  systems,  such  as:  (1)  inadequate 
septic  tank  capacity  Cor  loads  experienced;  (2)  drain  field  failures  due 
to  poor  soil  porosity,  heavy  equipment  passing  over,  high  groundwater 
table;  (3)  sticking  flushometer  valves  due  to  sand  grains  that  may 
cause  the  septic  tank  to  drain  into  the  absorption  field  and  clop  it; 

(4)  pump  motor  failures;  (5)  clogging  of  septic  tank  with  paper;  (6) 
vandalism,  etc.  Recycled  toilet  systems  are  recommended  in  certain 
areas  of  Washington  State. 
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14.  "II.  S.  KI*A  Hesponsi'  to  PI,  92-500  Relating  to  Rural  Waste  Water 
Proh 1 oms , "  hy  J.  F.  Kriessl.  Individual  Onsite  Wastewater  Systems,  Pro 
feedings  of  the  Third  National  Conference,  National  Sanitation  Founda- 
t  i  on  ,  pp .  2  1  -36  ,  1976  . 


Presents  the  response  of  U.  S.  Environmental  Protection  Agency  Office 
of  Research  and  Development  to  the  mandates  of  Sections  104  and  105  of 
PI,  92-500.  Topics  include  advanced  collection  technology,  onsite  alter 
native  systems,  septic  tank  sludge  handling,  and  cost  estimates  of  on¬ 
site  alternatives.  (from  BSWF ) 


15.  "Wastewater  Collection,"  by  Samar  Chatterjee  et  al.  Sewer  System 
Evaluations,  Chicago,  Water  Pollution  Control  Federation  Journal, 

Vo  1  50,  No.  6,  p.  1139,  Jun  1978. 

Wastewater  collection  literature  is  reviewed.  Wastewater  project  plan¬ 
ning  is  surveyed.  System  construction,  sewer  system  evaluation,  main¬ 
tenance,  rehabilitation,  overflow  prevention,  and  wastewater  pumping 
are  considered  (111  ref).  (from  El) 

16.  "Wastewater  Collection  System  Criteria,  Part  II,"  by  Michael  G. 
Hoover.  Water  and  Sewage  Works,  pp .  70-72,  Apr  1975. 

Hydraulics,  construction,  and  system  economics  of  wastewater  collection 
systems  are  discussed.  Accurate  flow  estimates  must  be  obtained  in 
order  to  design  the  collection  system  and  treatment  plant.  Economic 
analysis  can  be  performed  with  confidence  on  accurate  1 1 ow  measurements 
Additional  amounts  of  money  spent  initially  to  reduce  extraneous  flows 
could  produce  savings  in  the  long  run.  An  example  is  included.  Mate¬ 
rials  (such  as  concrete  and  ductile  iron  pipe)  and  their  handling  in 
the  field  are  also  discussed. 

1  eye  I e  systems 

I.  "Better  Water  Resources  Through  Sewerless  Sanitation,"  by  H.  H. 
l.eich.  Water  Resources  Bulletin,  Vo]  13,  No.  2,  pp.  401-407,  1977. 

General  discussion  of  alternative,  onsite  waste  disposal  systems  now 
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avail  able  or  under  development.  Aerobic  treatment  units,  recycling, 
composting,  incinerating,  and  closed-loop  toilets,  as  well  as  pressure 
systems,  arc  briefly  decribed.  (from  BSWF) 

2.  "Env i r-O-Pak :  Water  and  Wastewater  Equipment,  Sales  and  Design 
Manual,"  Willow  Grove,  Da. 

Includes  figures,  charts,  drawings,  and  specifications.  Recycle  and 
vacuum  collection  systems,  pressure  sewer  systems,  etc.,  are  discussed. 
Innovative  alternative  systems  are  stressed.  Basic  wastewater  data 
supp I ied . 

1.  "A  Reeve  I ed-Water  Sanitary  Waste  Disposal  System,"  by  W.  J.  Shoupp. 
PB-291  740.  Ph.D.  Dissertation.  West  Virginia  University,  Morgantown, 
19  78. 

A  closed,  recycled  water-sanitary  waste  disposal  system  for  laboratory 
study  was  developed.  The  system  was  based  on  a  1000-litre  capacity, 
water-filled  biodegradation  tank.  Data  response  curves  were  created 
during  the  long-term  (about  1  JO  days)  experimental  runs .  (from  WRA) 

4.  "Water  Reuse  at  Highway  Rest  Areas:  Evaluation  Phase,"  by  C.  E. 
Parker,  Virginia  Highway  and  Transportation  Research  Council,  Report 
No.  VHTRC  78-R22 ,  PB-278  542,  Dec  1977. 

A  system  tor  recycling  water  used  to  flush  water  closets  at  a  highway 
rest  area  on  1-8]  at  Fairfield,  Va.,  is  evaluated.  The  method  produces 
water  of  acceptable  standards  with  no  objectional  odor  or  color,  no 
foaming  or  apparent  suspended  solids,  and  low  bacterial  count.  Prelim¬ 
inary  bench-scale  research  indicated  that  extended  aeration  biological 
treatment  followed  by  granular  media  filtration  would  be  acceptable. 
This  led  to  installation  of  a  full-scale  field  system  at  an  existing 
rest  area.  A  closed-loop  system  was  set  up  to  and  from  water  closets, 
with  water  balance  achieved  by  wasting  an  amount  of  recycled  water 
equal  to  the  water  input  from  sewered  potable  water.  Recycling  was 
estimated  at  95  percent.  Operation  of  the  closed-loop  extended 


aeration  and  granular  filter  system  was  similar  to  conventional  opera¬ 
tion  of  these  processes.  The  influence  of  nitrogen  accounted  for  the 
most  significant  operating  difference.  Ammonia  nitrogen  transformation 
to  nitrite  and  nitrate  nitrogen  resulted  in  an  operating  pH  of  5.5  to 
6.0  and,  as  a  result,  incomplete  nitrification  occurred.  Although  ni¬ 
trogen  buildup  in  the  form  of  ammonia,  nitrite,  and  nitrate  did  occur, 
the  concentrations  did  not  cause  a  reduction  in  organic  biological  oxi¬ 
dation  efficiency.  Quality  of  the  water  varied  between  winter  and  sum¬ 
mer  operation,  but  remained  acceptable  as  a  flush  fluid.  (from  WRA) 

5.  "Waterless  Sanitation  for  Rest  Areas,"  by  R.  W.  Fullerton,  Chrysler 
Corp.  Water  and  Sewage  Works,  Vol  121,  No.  6,  pp .  86-88,  Jun  1974. 

A  waterless  sanitation  system  is  described.  This  closed-loop  no- 
disch.irge  nonbiol ogi ca 1  sewage  disposal  system  uses  mineral  oil  instead 
of  water  as  the  flush  fluid  to  transport  human  waste.  The  flushing 
fluid  carries  waste  from  conventional  commodes  to  a  separation  tank 
where  the  sewage  is  separated  by  gravity.  The  fluid  is  filtered,  puri¬ 
fied.  and  rrusf'ii  in  definitely.  Disposal  is  by  burning  in  a  pollution- 
tree  incinerator.  Ash  should  be  removed  from  the  incinerator  weekly. 
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